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ADVBRTISBHENT TO THE FOURTH EDITION. 



In giving a Fourth Edition of Trbdoolu's ' Esbat on 
THE Strbnoth Of Cast Iron,' I bare made no altera- 
tion in the text, but left it as it iras in tbo hst edition. 
The object of the very ingenious Author waa to consider 
the resistoncea of bodies subjected to small forces, when 
compared with those necessary to break them ; iince with 
the action of small forces, the displacement of the fibrei, 
or paiticba of bodies, is equal, from equal fbroes, whether 
they prodaoe extenmon or compresnon. But conolnmons 
dnnro from audi small stniiu, iriien applied to measure 
the ii1tiin«*B sbengtit of oait iron, are often much at va- 
riance with the results of experiment. 

An instance or two may be mentioned : a cast iron 
beam, to sustain moat efficiently a moderate atrun, should 
have equal ribs at top and bottom} but to offer the 
greatest renatanoe to fractne, these ribs should be un- 
equal in die proportion of seFen to one, nearly; and by 
this form a great addition of atiength is obtained. 
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Under smiill strains lipamF! of niiy partu'iiliir .{t-rm otter 
Uie same resistance, wlietlier tlie;- arc tunic.l tlicir |>n,[>er 
way up or the reverse; but I have shown that a cast iron 
beam nmjr be ootutmcted to renst fracture vith fonr 
times aa mooh force odb way up as the oppodte. 

Tim Une boimdiiig the ettended and compreaaed fibres 
of a bent beam, called the neutral line, ia in the middle of 

B square beam subjected to a small strain ; but in a cost 
iron beam of this form, the neutral line has, at the time 
of fracture, removed near to the compressed side, and the 
strength ia conrideiabljr increased by the ^lange. 

These results, with respect to fracture, arise from the 
circumstance that cast iron resists fracture in crushing 
with many times the force that it does in tearing asunder; 
the mean being about seven times, nearly. 

The preceding foots show an essential difference in the 
laws which r^ulate moderate and nltimate stnuni; and 
ihe latter will be considered in the Second Part of this 
Work. 

The experiments from which Mr. Tredgold had to 
draw bis conclumoni^ respecting the transverse strength 
of cast iron, had not been observed with sofiScient accu- 
racy to enable him to determine when the elosHcity first 
became injured ; and accordingly he concludes Uiai beams 
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THE FOURTH BDITION. xi 

letun their elaaticitf nnimpaired till nearly one-tiiird of 
the breaking wdgbt ia laid on; but I have ahown that 
beams, whose section ia T, and wluch bear so much more 
one way up iiaa the other, will retua a perceptible de> 
flexion, and not recover their original form, after aa little 
as -rrd, or even -j^th of the breaking weight is laid on. 
In other words, there is no elastic limit, a set taking place 
vith the smallest flexure. From this cause, and others, 
Mr. Tbxdoold haa drawn some erroneous conclonons, 
of vhioh a few are pointed out in the Notes to die body ' 
of his Work. 

In a material so much used as cast iron, it is of great 
consequence to the founder to know whence he can 
obtain the irons best suited for different purposes. The 
experiments of Mr. Fairbaim on tt)e transverse strength 
of cast iron bars, of which I have ^ven an abstract 
confaun, with a few experiments made by myself, exami- 
nations, similarly conducted, of most of the irons used in 
Qua comitry ; they will be consulted with interest for tlie 
purpose above mentioned; and his experiments on bars 
loaded for an indefinite time show that cast iron may be 
trusted for beyond what has generally been conceived. 

The strength of pillars is a subject on which there has 
confessedly been a great want of experimental infor- 
mation : 1 therefore recently undertook an extennve 
series of experimeiUs upon [nllHrs, comparing the results 
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with the theoretical conclusions of Eulcr »nd Lt^jniiigc 
upon the matter. With the reception by the Koynl 
Society of the Paper contiuning these experiiDcnts, and 
s^ll mare viUi the honounble marie of distinction 
awarded to it, I btm the fullest reason to be gratified t 
and I am indebted to the Council for the privily of 
giving an abstract of it in tliis Worlc 

Editor. 
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Public apprubation of 'Tub Practical Essay on 
TRK Strbnoth of Cast Iron, &c.' having made a 
Edition necemryj it may be proper to state, that it is 
printed from a copy corrected by Mr. Trsdoold'b own 
hand, and to vhich nothing has been added j its progrees 
throogh the press has been kindly raperintended by the 
Anthor'a friend, Professor Barlow, of Woolwich ; it> cor- 
rectness cannot therefore be reasonably questioned. 

The utility and importance of tliis Practical Essay have 
been acknowledged by the most unqualified approbation 
of the scientific of all countries, and it has accordingly 
been printed in tlic Fri-ncb, Italian, and Dutch languages. 
To Uic clear iuul practical domnnstrations set forth in 
this Work, of the superiority of iron for supports, as well 
peixMndicnUr as horiEontalfmsy be attributed the present 
almost nniversal adoption of this material in bnildiiiga, as 
a sobsdtute for wood} and, in lefeieitae to this particalar 
subject, the Andiai was fireqnratly consulted liy the most 
eminent Ar^tects and Engineers. His many other ts- 
luable works, of which a list is sntijoined, more particnlarly 
tlie ' History of the Steam Engine,' hsTC also experienced 
a similar liberal patronage both at home and abroad; and 
it is not, wc tiiink, presuming too much to say, th^ these 
Works have had an important influence in promoting the 
present advanced state of mechanical and scientific know- 
ledge, — and to this honour the Author ardently aspired, 
as he conridered it of the highest value. 

Of Mr.Tredgold it may be stated, that from his earliest 
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ywxB liii mind wu ever occupied by the most intense 
desire for infbrmatioii. Being altogether te^-tm^M, it 
will not be difficult to form some idea of the great labour 
and fatigue which he must liave necessarily undergone, in 
the BC'ii]ir(mM>nt of chnr ciirrccL iiiiii i'.\i(iiisivi> itiiouictirrc 
of the 

fvhich Hit mm su :ii!r<'j>iijiiMt' lUiii mii'i'i'smiiiiv ai iiiiii'ii ill 
the lu 

To such ardent and unremitted application, the natu- 
nllj teebie constitution ot Mr. Tredoold eventnsuy 
gave way. and after a protracted series of suffenng ler- 
minated in hut death on the 28tli oi January. i829. in the 
4lBt year of his age, — to the great loss of the public at 
large, and which an luniable wif^ and young family haTe 
seiionsly to deplore;' whose slender circumatances call 

> Hie widow lived but a ahort tinw after the death of her 
huiband, leaving three danghten and a ioa on the scan^ sob- 
■istencG afibrded bj a Bubscriptioa let tm foot b; wme beneroknt 
Members of the Profession of Civil Engineenng and Archi- 
tecture : subiequentljr the two elder daughters died. The son i* 
now articled to Mr. Biyao Donliin, of Rotherbithe, and tha only 
daughter a living under the protection of Mrs. Urquhnrt. bcr 
atint, who is herself in straitened circumstancea from tbe recent 
luSB of her bueband, on whom she iTholly depended for support. 
At no time nor in aay pUcc can it be improper, in tlic cause of 
humanitv, to mention the fact that Mrs. Urqubnrt, KB o mensure 
of relief from tbe heavy burden upoH lier band, is now en- 
deavouring to procure a prcacnlation for one of her children to 
ChriBt'E Hospital. Besides the strong clsim before referred to, 
sne naa lac luuowing certificate from Dr. Rcid, wbo testifies to 
her reapectalHlitjr aud merit: 

" I herdjy certiQr that the late John Urqnhart, who attended 
to the Warming and Ventilating of the present Honses c€ Par- 
liament nnder rojr direction, conducted hinudf with the greatest 
propriety, steadiaess, and attenUon to ell the duties intrusted to 
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for die Icind aid of all benerolent persons, in behalf of 
tliese representativea of a truly worthy and scientific man, 
who derated his whole life to the proinotjon and general 
cUfiimon of the most useful knowledge, with scarcely an 
ordiiiRry attention to his own personal emolument. 

As a philosopher and mthor, Mr. Trbdooi-d con- 
tributed to many of tiie sdenldfic publications of Uie day, 
to vhioh his name was not always added. The follomng 
Xdst of his Works will serve to einnce his great industry, 
and will diov the eztenuve range of studies with which 
his mind wis snccesnvdy occupied, and the important 
results he ever had in Tiev: 



him, and that the lealand intelllgeiiee frith ivlili li he ilirt'i irjil 
the operatioiu he had to conduct gave the hii;lii?st Eiitiafuction. 
In the prime of hit Kfe, and when he waa begiiiniiig to ciiiergo 
from the difficollies with which he had long etruggleil, lie wus 
mddenly cnt off, and has left a wife and fiunily to deplore his 
lou. From the high chanicter which he alnsya had, and from 
the diffieoltiei and embsrriustnenta in which his widow (a near 
relative of the late Mr. Trcdgold, to whose family she still de- 
votes the care and anxiety of a motlicr,) ia ncccBaarily placed, 
and the exemplary mannLr in which she eonlinues lo hear up 
against the adveraity with which she hoa been nearly over- 
whelmed, I have thought it incnmbeat on me to bear teBtimoDy 
to the circiunstancei I have now slated, and shall merely add 
that her case demands the sympathy and eoosideration of thoae 
who have the meani of asBiBtiDg her, and who will find on io' 
quiry that her conduct has been such ai to call for the mo«t 
Hberal asdatance that her wants and neoeaiiliea reqmrc. 

"D. B. Ram." 
It ia therefore hoped that some benevolent indiridoal will 
endeavonr to procure frooi a trustee or aubscrlber the required 
preaentation ; and in the true spirit of a grateful remembrance 
of the talent of the late Mr. Tredgotd, who did so mnch for 
hia succeeding age, this case ia earnestly placed before the Archi- 
tectunl and En^neecing Piohaaoa by the Fabliaher. — 1842. 
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1. Elenentuy Frinriplet of CupenHy, 4to. 32 FUtes. (Ee* 

edited FrofeswiT Bablow Id 1838, and oontoining 38 
additional Flatea and an Appendix,} 

2. A IVeatiie of Jdnerf, in the EnqtcIopBdia Bribmuea. 

3. Ewiy on die Strength of Caat Iron and other Metalt, 8m. 

4Fbta. 

4. Additions to Baehansn's Eaaafs on MUI-work. 3 volt. Sto. 

20 Plate*. (Re-edited, nith miicli additional matter, pria- 
cipall}' treating of Toola. Machines, Sic., by Gboiuik 
RKSNm, C. E., F.R.S. 74 Plates, in 2 vote.) 
.5, A Treiitlee on Stone Masonry, for Supplement to Encyclo- 
paedia Britaunica. 

6. Principles of Warmiag and Ventihiting Pnblic BoildingE, Hot- 

houses, &c., Svo. 9 Hate*. (Be-edited by Mr. Bbuiab 
in 1838.) 

7. A Treatise on Rail-roads and Cairlages, &e., Svo. 4 Plates. 

8. A Letter to Mr. HuaklsEOn on Steam Navigaliim, 8vo. 

9. Additions and Nates to Tracts od Hydraulics, by SHSAtON, 

Vbnidri, Dr. Ydunq, Sc. Svo. 7 Plalel. 

10. Fractieal Rulea, nith JKagrams, for B^uonr'a Euay on the 
Strength of Timber, Svo. 

1 1. Hie Steam Engine ; comprising an account of its Invention, 
Progretsive Improvement, &c., 4to. 20 Plates. (This Work 
baa been much extended to all the practical improvements 
of the last ten years, and particularly aa regards Stkau 
NatioatiON and LocohOtivb Enoinbs, in S large volumes, 
with 125 Hates. 2300 copies of this edi^ have been sold 
in three yeora. — PoauasBB.) 

On recordrng Mr. Tbedooi.d's death, the Kditor of 
the literary Gazette well obsema, " The nnmeroiu and 
excdlent publications of Mr. TsBiiaoLii will ever hold 
the first place among the elementary compendinma of 
Civil Engineering, and must ever insure him the lively 
gmtitude of the cultivators of general knowledge." 

J. T. 

August, 1831. 
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In the following pages I have attempted to aapply a 
'Practical Treatise on die Strength of Cast Iron:' the 
use and advantage of such a Work inll be heat appre- 
dated hj thoae who consider the seriona consequences 
of a iulure in the application of thia material. It is 
used for the principal snpporta of Churches, Hieatres, 
Dwelling-houses, Manufactories, and Warehouses; for 
Bridges, Roofs, and Floors ; and for the moving parts 
of the rnost powerful Engines. If a failure take place, 
from want of strength, it will most probably happen at 
that moment when its consequences will be most serious : 
hence, I think I maj venture to say, without giving ajiy 
undue importance to the object of this Work, that, if there 
he one subject which requires the aid and assistance of 
science more than Another, it is the tqiplicBtion of sup- 
ports of cast iron. 

tiiA very conaideiable improvementa that have been 
made in the mannfaoture of iron, hav^ undoubtedly, 
chiefly arisen out of the peculiar advantages derived 
from its use, in the mining and manu&ctnring districts 
of Britaiu ; and the immense qusnlides of it employed 
ill these districts is one of the most satisfactory proofs 
of its utility and value. 

TliesB improvements in the manu&cture of iron have 
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also enabled the mumbctorera to reduce its price; so 
&r indeed that it now can be employed, instead of fbreiga 
tdmber, for many important purposes in baildings and 
machines, at a very small additional expense, with a con- 
sidernhle addition of soutidnexs and durability. It is not, 
however, fitted for every purpose; for example, if it he 
desirable that a house should exclude the cold of winter, 
and the heat of summer, it ocrlaiiily would not he advise- 
able to form the roof, or any other fionsideriLblc part of it, 
wholly of iron; as you could not easily find another sub- 
stance for die pnrpose, that suffers heat to pass through 
it so i^idly as icon does. But it is more imprudent 
to build heavy brick or stone walls upon timber supports, 
a materieL which is k subject to decay, and so eadly 
destroyed by fire; and yet neariy half the houses m 
Iiondon are partly sustained by wooden posts. If yon 
use timber to prevent settlements where a fonndaldon 
is soft or irregular, the timber decays, and worse settle- 
ments take place than those it was intended to avoid:' 
in all such cases iron might be used uith success. 

I thinit it mil appear, on an accurate suncj- of the 
present state of tiie mechanical arts, that tlie physical 
and mechanical properties of matter arc not sufficicntiy 
studied. If such knowledge were cultivated, if it formed 
a part of a young mechanic's education,— that is, if he 
were prepared by a regular course of esperimental study 
respectaog the nature and properties of materialsi— would 
not Ids progress in any particnlBr art be greatly fed- 
litated? Experience, "slow preceptress," furnishes a 
practical mechanic with some share of this knowledge, 
but such experience is always limited to a particular 



' Sec Napier's Supplemeat ta Encyclo. Brit. art. ' Stone 
Masonry,' S 60. 
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nnge of objects, and it engenders prejudice in favour 
of particnlar things, and jnrtioular modes of openiion. 
Lord Bacon's idea of a Mechanical History,* which 
Diderot attempted to iobUe^' is not so well calculated 
to fulfil his own view as a well-directed course of experi- 
menta on the natore, fomm, and propertiea of materials, 
illustrated bj a reference to the manner of applying them 
in the arts. In Chemistry mnch has been already done; 
but an Kxperimental School of Meehanictd Sdence re- 
mains to be formed, 

Hai-ing briefly alluded to this deficiency in the experi- 
mental investigation of the mechinical properties of 
bodies, I must proceed to inform the reader of the 
nature of the %Vork now offered to his notice, as im- 
proved by the addition of another year's collection of 
experience, and much experimental researdi. 

lliis Work is divided into eleven Secdona; — The First 
Section consiata of introductory remarks on the use and 
the qualities of cast iron ; and of cautioni to be observed 
in employing it. This section, includes three extensive 
Tables, which will often save the practical man a con- 
siderable share of trouble in calculation. 

The Second Section explains tbc arrangement and use 
of tlie Tables which precede it; and in this edition the 
number of popular examples is mueb increased. 

It is a commnu and a well understood &ct, that an 
uniform heiiiii in not ctiually strained in every pu^ and 
tluTcforc iniij- lio reduced in size, so as to lessen both the 
strain and tlie expense of material. 

The Third Section pcnnts out the value of cast iron in 



' Of the Advancement of Iicamiog. Book II. Bacon'* WoAs, 
' Fmteh Eneydopfdte. 



XX 



FRB7ACI TO 



this particular, and the forms to be ndopted for different 

The Fourth Section contains a popular explanation of 
the strongest forms for the sections of benms ; the con- 
struction of open beams ; and the best form for shafts. 
A due consideration of these two sections will enable tlie 
young mechanic to guard against some common errors in 
attempting to apply these tUuga to iHuctice. They are 
much Bugmecited, and a new plindple of ConstructiRg 
bridges is explained in the fourth sectioD. 

The Fifth Section is vholly devoted to experiments on 
cut iron ; it wiU be {bond to contain, in additioii to my 
own experiments, almost all of the experimenia that have 
been described by preceding writers. Those I have tried 
for the purpose of establishing rules, to apply in practice, 
have been made with a different view of the subject from 
that entertained by preceding experimentalists ; one better 
adapted for practical application, one which shows that, 
within the proper limits, our theory of the strength of 
materials is to be depended upon ; but that beyond these 
limits materials should never be strained in constructions 
of any kind whatever.' Nevertheless it would he ex- 
tremely desirable that some accurate experiments on the 
extension of bodies should be made, when the stiain 
exceeds tlic elastic force ; as by that means something 
important regarding the ductility of matter might be 
discovered; and perliBps they might throw some light 
on the natoTB and arrangement of the nllimate particles 
of bodies. 



* To Dr. T. Vounff we ore chiefly indebted for showing the 

slteration: Nat. Phil, vol, i. p. 141. To that valusble Work 
I us most indebted for aswsltnce in this Etiay, 
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To this Mction a great many new experiments have 
been added, to show the lelative aticDgth of iron of 
difierent qualities; and also seren new eKperiments on 

torsion, made hy Messrs. Biamoh. The sectaon con- 
cludes witli the result of my observaUonB on the relation 
between the appearance of the fracture and the strength 
of cast iron, as determined by experiment. 

The Sixth Section contains experiments on malleable 
iron and other metals, and is entirely new. The cSa-t 
of hammering, and the decrease of force by beat, are 
experimentally examined} and the canse of English iron 
being iufcriur to Swedish, for particular purposes, is 
pointed out. 

In the Seventh Section I hsve Aawa how to obtain 
some of the most nseful pnctical nlei from tiie fint 
prindples that are ftunished by experience. I have 
condnoted the investigation of these rules in a manner 
somewhat difierent from other writers, and I have avoided 
the use of fluxions.* Several new caaes are investigatedi 

* I have avuded floxians in eonwqaence of the very bbacare 
manner in which fu principle* have been explained by the writer* 
I have coDBulted on the anbject. I cannot reconcile the idea of 
one of the terms of a proportion Tanishiag for the purpose of 
obtaining b correct rosutt ; it is not. it cnnarst be good rauoning; 
though, from other principles, I am snare (hut the concluHoaS 
obtained are accurate. If the dootriDe of fluiiona be freed from 
the obscure terras, hmiting ratios, evancseent increraenls and 
decrements, &c., it is in reality not very difficult. If you repre- 
sent the increase of a variable quantity by a progression, (as is 
done in art. 295, Section XI.,) any term of that progreieion 
(except the last} correaponda with what is called a fluxion ; and 
the Earn of the progrenion is the same as a fluent. A fluxion ie, 
therefore, the vdocity of increase of an iDcreaiing variable quan- 
tity i or of decrease of a decrearing one ; on the supposition that 
we take the vdocdty at any point and comdder it onifbrm. But 
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nnd some tutdition b made to the theory of rasiatuice; 
the reader will find examples of this in treating of tiie 
strength of beams, art. 108 to 1 19 ; the deflexion of beams, 
art. 124 to 130; the strain upon beams, art. 133 to 141; 
and in the ninth and tenth sections. 

The Eighth Section treats of the stilTLiesa to resist 
lateral sti^ns, with its application to some interesting 
~ pradicBl cases. 

"nie Ninth Section is on the strengtii and stifihess 



when j'ou use this uniform velocitj' to represent an accelernled 
one, and say that tbc ratio of tbeie vclocitica approiichta to a 
ratio of equality at its limit, nhile tbe space or time of descrip- 
lioD is dinuDtihiog to evanescence. I must be allowed to withhold 
mj aaseat to jonr doctrine. For it is clear that the exact latio 
of equality can obtiua only irhea the apace described i< nothing : 
and consequently, it cannot, with logical accuracy, be employed 
to compare the Bpnccs generated when Ihcy become of finite 

Soning is agreeable to the practice of the ancient geometers ] but 
to girc dignity to thdr epcculaliona these geometers employed a 
subtile and metaphysical method, ia preference to a candid avoml 
of a tentative eompariaont the same pmetice there is not now 
any reason to conUnue. Tbe sdence of space, or geometry, is 
completely distinct from that of namher or analysis. They have 
both been injured by an intermixture, which vas begun by the 
andenla: how they came to concave tlut tbe doctrines of 
number and space rested on principles common to both, it is not 
necessary to inquire; but as soon as you commence the fifth 
hook of Euclid you bit! adieu to pure geometry ; and, in the rest, 
the aid of a metaphysical method of forcing the assent, rather 
than of convincing the judgment, is frequently introduced, and 
r^gns through most of tlie work» of tlie older geometers. The 
neglect of pure geometry lias left ample scope for a display of 
talent. I am thankful to tlie kind friecids who have taken some 
pahis to correct my notions on this subject ; they will see that t 
have profited in some degree by their remarks. 
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to redst torsion or twisting, with its appUcation to 
m&dunery. 

The Tenth Section treats of the strength of columns, 
pillars, and lies, mth some new examples. It may be 
useful to remark, that the most refined methods of 
analysia have been applied to the same subjects by 
Kuler, Lagrange, and other continental mathematicians, 
without arriving at results more accurate, more simple, 
or more convenient in practice. 

In the Elerenth Section I have considered the re- 
sistanCd of beams to impulsive force. In this aectioii 
will be fmmd many iinimrfiuit mU's, with tsamples of 
thur iqpplieation to the moving parts of engines, bridges, 
&c, wherein the advantage gained by employing beams 
of tile figures of eqnal remstance is shown. 

The Eleventh Section is followed by an extennve 
'TA3I.B OF THE Pbopsbtibb of Matbrius, and 
OTHBB Data, optbm ushd in CA.ijCViJt.nom,' ar- 
ranged alphabeticBlly, and in this edition much enlarged. 
By means of this Table the various rales for the strength 
of cast iron, contained in this Work, may be applied to 
several other kinds of materials. 

A note, which I have added at the end of the Table, on 
the cliemical notion of some bodies on cast iron, will be 
rcud with interest by those who employ cast iron where it 
is exposed to the action of sea-water. 

The Platea are accompanied by descriptive letter-press, 
with references to ihe articles which the figures are in- 
teikded to explain. 

The Work conclodes widt an Index,* contuning copioos 
references to the Practical Boles; and, in geikenl, it will 
be fiinnd that the examples are selected with a view to 



• A General Index will be given at the cod of the Work. — £d. 
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explain the practical application of tlie rules, and to 
make the readec^aware of the hmita and precautdons 
to be attended to. In fact, the want of such informa- 
tion has often brought theory into discredit witli some 
men, whereas the fault ought to have fallen on the; pr rMgn 
that misapplied it. 

I hope there will be few things of any iinportancc 
found in thia Work for which a sufGcicnt reason is not 
given : sometimes I have been compelled to omit several 
steps in the investigationa, in order to make it as little 
mnthematical aa poiuble; and such onuBsionB tiie reader 
must excuse till a larger share of mathematical leBinmg 
becomes the common lot ai every practical medumio; 
and I hope that period is not ba distant 

The communication of any esperimeot or observation 
that is calculated to confirm or correct any thing I have 
dooe 1 shall esteem a favour. 

The manner in which my Works have been received 
has been highly gratifying to my feelings, and has afforded 
me an early opportunity of rendering my grateful tlianks. 
They arc especially due to Messrs. Braniah and Mr. 
Bevaii,— the former, for specimens and an account of 
experiments,— the latter, for corrections of some press 

A Second Part is in progress) on the 'Sirengtii of 
Pipes, Mains, Tanks, Boilers, &c.; of Chuns to resist 
Impulsion and Pressure; of Suspension and other Iron 
Bridges ; and of Framed Work for Roob, Bridges, MiUst 
and Machinery.' 



IS, Grave Phcr, Limm Gnvt, 
Nov. 1SS3. 
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SECTION I. 



INTRODUCTION. 

Aet. I. In consequence of the security which cast 
iron gives, when it is properly employed, for sup- 
porting conmderable weiglits, pressures, or moving 
Ibrces, it has lately been very much used; and is 
likely to wholly supersede the use of timber for 
many importtuit purposes. Indeed, so conuderable 
are the improvements which have arisen out of its 
use, that t!ie period of its general introduction has 
been very justly considered as forming n new era in 
the history of machines.' " All other improve- 
ments," it has been remarked, " have been limited ; 
confined to particular macliines ; but tliis, liaving 
increased the strength and durability of every ma- 
chine, has improved the whole." ^ 

Cast iron is a valuable material, because it g^ves 



' Eeeaya on Mill Work, &c., bf Robertion Bachanan, EaiMy II. 
p. 254. 2d edit, ; or 3rd edit, hj G. Rennie, Esq., p. 177. 

" Mr. Dualop's Account of some Eiperimentt on Cut Iron. 
Dr. niomaon'i Annali of Pbilowpl^, vol. sHi. p. 900. 
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safety agBinst fire; it a not liable to sudden decay, 
Dor soon destroyed by wear and tear, and it can be 
easily monlded into the form of greatest strength, 
or that which is best adapted for our intended 
purpose. 

The fatal consequences that might result from the 
use of timber for supporting heavy buildings, either 
in case of fire or of decay, liave often been foreseen; 
but in a few instances it has happened that where 
iron has been used for greater security against fire, 
the structure has fdled from want of strength. Such 
faUures have not occurred from any defect in the 
material itself ; for it too often happens that such 
works are conducted by persons of little eKperience, 
and less scientific knowledge. Men of little expe- 
rience too frequently imi^ne that a large piece of 
iron is almost of infinite strength ; and they often 
have a like indistinct notion of pressure. They 
design to please the eye, without r^;ard to fitness, 
strength, or durability; instead of ornamenting a 
support, they naalte the support itself the omameDt, 
and sacrifice every thing to lightness of efibot. The 
dimensions of the most important parts of structures 
are too often fixed by guess or chance; and the 
person who calculates the value of matoials to the 
fraction of a penny, sddom if ever attempts to esti- 
mate their power, or the stress to which they will be 
exposed. 

The manner in which the reustance of materials 
has been treated by most of our common mechanical 
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writers, has also, in some degree, misled such prac- 
tical men as were desirous of proceeding upon surer 
ground ; and has given occasiDu for tlie sarcastic 
remark, " that the stability of a building is inversely 
proportional to the science of the builder." ^ 

When it is considered that it is absolutely neces- 
sary that the parts of a building or a machine should 
preserve a certain form or position, as well as that 
they should bear a certain stress, it will become ob- 
vious that something more than the mere resistance 
to fracture should be calculated. In cases where 
the parts are short and bulky, it may do very well 
to employ the rules for resistance to fractore, and 
make the parts strong enon^ to sustain four times 
the load, bat sudi cases rarely occur ; and where 
long pieces are loaded to one-fourtli of their streimtb, 
we may expect much flexure, Tibration, and insta- 
bility. 

If a material of any kind be loaded with more 
than a certain quantity, it loses the power of re- 
covering its natural form, when the load is removed; 
the arrangement of its particles undergoes a perma- 
nent alteration ; and if it supports the same load 
during a considerable time, the deflexion will in- 
creasS, and the more in proportion as the load is 
above the elastic force of the material.' 

> Ency. Method. Diet. Architectnie, art. Eqailibre. 

* This important fact appears to Lave been Grat noticed by 
Coulomb, wliile making hii experimenti on torsion. (Some 
accoont btt been pren of Conloii^)'a experiments by Dr. Young, 
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On this part of the resiBtance of materialB I have 
made many experiments, hoth ^th metate a£ various 
kinds, and with timber : I find that while the elastic 

force or power of restoration remains perfect, the 
extension is always dircctlv proportional to the ex- 
tending force, and that the deHexioQ does not in- 
crease after the load has been on for a second or 
two ; but when the strain exceeds the elastic force, 
the extension or deflexion becomes irregular, and 
increaaes vitb time. I was led into tins important 
inquiry by coaudering th£ proportions for cannon, 

Nat. PhD, vol. ii. p. 3S3, and also by Dr. Brewster in his addi- 
tion* to Ttxgtma't Leotarei, vol. ii. p. 234, third edit.) But, In 
s grett number of subslancM, we Boem to have an inatinctive 
knowledge of this properly of mnttcr : a bent wire retains its 
curvBturc; and it may be bnjki'ii by [qnjiiU'd noxitre, with much 
less force than would bceuk It at mK^ -. i.idu. ii, wlieu we atl('i.>i>t 
to break any Beiibte body, it is usually by bcndiag and anbending 
it geveml tiroes, and ita streuft''' ia onljr beyond the eflbrt applied 
lo break it when we have not power to ^ve it a permanent set at 
encfa bending. A permanent alteration ii a partial iractnre, and 
hence it is Ihc proper limit of ftrenglli. Dr. Young, with his 

limit m :ip]ilviLig tim liiscovcrics in science lo the ustful arts. 

While I waa preparing this edition for the pros*, I received a 
copy of the " Easu Utorique et Eip6imental snr la R^iEtance 
da Per Forgf," of M. Doleaii, lAidi is founded on •imUar viewa 
of the strength of wrought iron. M. Duleau has ascertuned, 
with an apparatus mucli more imperfect than mine, the fact that 
iron cannot be conaidored a perfectly elastic body when the strain 
exceeds a certain force. I shall, in the course of this edition, 
compare the results of hia eKperimentf with those I have made, 
wherever the conditions are nmilar. 
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and the common method of proving them. It ap- 
pears from my experiments, that firing a certain 
number of times with the same qiiantitv of powder 
would hurst a cannon when the strain is above the 
elastic force of the material, though the effect of the 
first charge might not he sensible. The same re- 
marks apply to the methods of proving the strength 
of steam engine boilers and pipes, by hydraulic 
pressure : if the strain in proving exceeds that which 
produces permanent alteration, an irreparable injury 
is done by the trial. 

In the moving parts of machines the stmin should 
obviously be under the elastic force of the material, 
and in the second Table vill be fotmd the flexure 
and load a piece of a gjven me will bear without 
destroying the elastic force. 

I think every one, who carefully examines the 
subject, will feel satisfied that the measure of the 
resistance of a material to flexiire is the only proper 
measure of its resistance, when it is to be appUed 
where perfect form or unalterable position is desi- 
rable ; and the measure of its resistance to perma- 
nent alteration, when it is used where flexure is not 
injurious nor objectionalile. 

In order to supply practical men with a con- 
venient and ready means of assignina; the dimen- 
sions of cast iron beams, columns, &c., to support 
known pressures, or moving forces, I have drawn 
up this volume. I am persuaded that its useful- 
ness will find it a place among the common works 
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of reference, which are more or less necessary to 
evoy architect, engineer, and builder. To bring 
it within as small a compass as possible, I have 
arranged the Tables so as to include as many dis- 
tinct appUcations as the nature of the Bubje^ 
seemed capable of admitting. 

SOHB PARTICULARS TO BB OBSERVED IH USING THB 
TABLES. 

2. The weight of the beam itself Is always to be 
estimated, and added to the load to be supported ; 
or (because this method readers it necessary to esti- 
mate the weight before the bulk be determined) find 
the dimensions of the piece that would support the 
load by one of the Tables, and increase the breadth 
in the same proportion as the wciglit of the piece 
increases the load. If the weight of the piece, for 
example, be an eighth part of tlie load, then to the 
breadth, found by the Table, add an eighth part of 
that breadth ; and so of any other proportion. It is 
not an absolutely correct method, but it is simple 
and correct enough for use. 

3. The Tables and Rules are calculated for soft 
gray cast iron. Metal of this kind yields easily to 
the file when the external crusC is removed, and ia 
slightly malleable in a cold state. Dr. C. Hutton 
has justly gjven the preference to such iron, because 
it is " less liable to Jracture by a blow, or shock, 
than the hard metal." * 



* Tneu, vol. i. p. 141. 
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While cast iron is less subject to be destroyed by 
rusting than the gray kind ; and it is also less soluble 
in acids ; therefore it may be usefully employed 
where hardness is necessary, and where its brittle- 
nes3 is not a defect; but it should not be chosen 
for purposes where strength is necessary. When 
it is cast smooth, it makes ezcelleat bearings for 
gudgeons or pivots to run upon, and is very durable, 
having very Uttle friction. 

White cast iron, in a recent fracture, has a white 
and radiated appearance, indicating a crystailine 
structure. It is very brittle and hard. 

Gray cast iron has a granulated fracture, of a 
gray colour, with some metallic lustre ; it is much 
softer and tougher than the white cast iron. 

Bnt between these kinds there are Tarietiee of 
cast iron, having variotra shades of these qualities ; 
those shoohl be esteemed the twst which approach 
nearest to the gray cast iron. 

Gray cast iron is tieed for artillery, and is some- 
times called gun-metal. 

The best and most certain test of the quality of a 
piece of cast iron, is to try any of its edges with a 
hammer ; if the blow of a hammer make a slight 
impression, denoting some degree of malleability, 
the iron is of a good quaUty, provided it be uni- 
form : if fragments fly off, and no sensible indenta- 
tion be made, the iron will be hard and brittle.' 



For more informttion opoa this »iitg««t, «ce Ur. F^biini's 
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The utmost care should be employed to render 
the iron in each casting of an uniforoi quality, be- 
cause in iron of different qualities the shrinkage is 
different, which causes an unequal tension among 
the parts of the metal, impairs its strength, and 
renders it liable to sudden and unexpected failures. 
Wlien the texture is not uniform, the surface of the 
casting is usually uneven where it ought to have 
been even. This unevennesa, or the irregular swells 
and hollows on the surface of a casting, is caused by 
the unequal shrinkage of the iron of different quali- 
ties. A founder of much observation and expe- 
rience in his business, pointed out to me this test of 
an imperfect casting. 

Now, when iron of a particular quality is obtained 
by mixture of different kinds, it will be difficult to 
blend them so thoroughly as to rmder the product 
perfectly tmifbrm; hence we easily perceive one 
reason of iron beipg improved by annealing, for in 
passing slowly to the solid state, the parts are more 
at liberty to adjust themselves, so as to equalize, if 
not neutralize, the tension produced by shrinking. 
But, it is dear that an annealing heat applied after 
the metal has once acquired its solid state, must be 
sufficiently intense to reduce the cohemve power in 
a very considerable degree, otherwise it will not be 



Experiments upoD the TranEverge Slren^, &c. o( Baim of Cut 
Iron, from Tarious parts of the United Kingdom. (MlincheBter 
MetnoirB, toI. vi. arw tenet). — EotroR. 
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sensibly beneficial.' These remarks apply to glass, 
and to various metals as well as to cast iron. 

It has been remarked that " iron varies in strength, 
and not only from different furnaces, but also from 
the same furnace and the same melting; but this 
seems to be owing to some imperfection in the cast- 
ing, and in general iron is much more uniform than 
wood." * I am glad to find my own ex|>erience sup- 
ported by the opinion of a writer so well known to 
practical men as Mr. Banks. But the very great 
strain which large masses of well mixed cast iron 
will bear, when applied to resist the greatest stresses 
ia mill and engine vork, is now extremely well 
known in this country. Its ralue was foreseea by 
our celebrated Smeaton at an early period of his 
ptactice. Upwturde of forty years ago be combated 
the prejudices ageuoBt it in the following language : 
" If the length of time of the use of these (cast 
iron) utensils is not thought suffieieat, I must add, 
that in the year 1755, that is, twenty-seven years 
ago, for the first time, I applied them as totally new 
subjects, and the cry then was, that if the strongest 
timbers are not able for any great length of time to 
resbt the action of the powers, what must happen 
from the brittleness of cast iron ? It is suffident to 



' Dr. Brewster hEis shown that the mechanical conilitiDn of 
unanncalcil glass is not capable of being altered by the heat of 
l>oiling water. Edin. Fbil, Joumal. vol. ii. p. 399. 

' Banks on the Power of Machiaes. p. 73. See alio p. 94 of 
the tftine work. * 
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SBj, that not only tfaoBe very pieces of cast iroa are 
still at work, but that tlie good e&ct has in the 
north of Ei^&nd, where first ^plied, drawn them 
into common use, and I never heard of one failing."* 
These remarks were written in 1782, and the good 
opinion of Smeaton has been fully justified by the 
experience of succeeding engineers ; the grand and 
varied worivs of Wilson, Rennie, Boultoa and Watt, 
Telford, &c., kc, abundantly confirm it." 

Yet I most not omit to remark, that cast iron 

■ Reporta, Tol. i, pp. 410, 411. 

1* One of the boldcBt attempts with a dgw mBterial vae the 
appUmtion of cast iron to bridges : the idea Hjijiears to hnvc 
oripiutBd, in the year 1773, with the late Themoa I'urtialls 
nitdiaTd, then of Eyton Turrett, Sbropabire, archilect, who, in 
commiiiikatian irith the late Mr. Jolm WiUdnHm, of Brosely and 
Caatleheid, ironmmter, Buggested the practicability of constnict- 
wide iron arched, capable of ndmiltin^ the panage of the 
water in a river, euch as the Severn, which i> inucli subject to 
floods. This suggestion Mr. WilkiuBon considered with great 
BtteatioQ, and at length carried into execution between Madely 
and Brosely, by erecting the celebruted iron bridge at Colebrook 
Dale, irhidi wu tiie first conttmctioa of that kind in England, 
■nd probably m the vodd. This bndge wh executed by a Mr. 
Daniel Oniona, vilh some varialioni from Mr. Pritcliard's phm, 
under the Ras[Hces and at the expense of Mr. Darby and Mr. 
SeyDolda, of the iron works of Colebrook Dole. Mr. Fritchard 
died in October, 1777. He made several ingenious deugns, to 
show how etone or brick iirchce migbt be constructed with cast 
iron centres, so that the centre should always form a permanent 
part of the arch. Theae designs arc now in tbe possession of 
Mr. John White, of Devonshire Place, one of his grandsons, to 
whom I am indebted for the preceding puticulon of this note. 
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when it fails gives no warning of its approaching 
fracture, wliicli is its chief defect wlien employed to 
sustain weights or moving forces ; therefore care 
should be taken to give it sufScient atrength. And 
it will he obvious, from the preceding remarks, how 
much its strength depends upon the skill and expe- 
rience of the founder. 

4. The parts of each casting should he kept as 
nearly of the same bulk as possible, in order that 
they may all cool at the same rate. 

Great care should be taken to prevent air bubbles 
in castings ; and the more time there can be allowed 
for coolii^ the better, because the iron will be 
tougher than when rapidly cooled; slow cooling 
answers the same purpose as annealmg. 

In making patterns for cast iron, an allowance of 
aboat one-^hth of an inch per foot mnst be made 
for the contraction of the metal in cooling. Also 
the pattemB that require it should be slightly be- 
velled to allow of tbdr being drawn out aS the sand 
without injuring the impression ; about one-nzteenth 
of an inch in six inches is suffident for this purpose. 

In notes at the foot of each Table, the mode of 
applying these Tables to other materials is shown, 
which will be useful in exhibiting the comparative 
strength of different bodies when applied to the same 
purpose, as well as in ^vii^ the proportions of these 
mateiials for supporting a giren load. 
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TABLE I.— Art. 5. A Table of the Depths qf Square Beams or Bart 
aal. to 500 tom, when ti^yx/rled at the eiuh, and loaded in (he middle ; 



Length 


■ in feet 




6 


B I 10 


12 


14 


16 


le 


20 




WeLglil 
In Iti. 














Dcpil 




Depth 




112 




1-7 


19 


20 


2-2 


2-4 


2-5 


2-6 


iV 


224 






2-0 


2-2 


2-4 


2-6 


2-S 


30 


31 




336 






2-2 


2-4 


2-7 


29 


3-1 


3-3 


3-4 


i 


448 






2-4 


2G 


2-9 




3'3 


3-5 


3-7 


i 


560 






2-5 


2-8 


3-0 


3-3 


3-5 


3-7 


3-9 




672 






2-6 


29 


3-2 


34 


3-7 


3-9 




A 


784 






2-7 


3-0 


3-3 


3-6 


3-8 


4-1 


4-2 


i 


896 






2-8 




3-4 






4-9 






lOOS 






29 










4-3 






1120 






3-0 










-1-J 




H 


1232 






3-0 










4-,', 




i 


1344 






3-1 










4-; 






1436 






31 










4-7 






1368 






3-2 






4-2 




4-8 




i 


IGSO 




2-8 


3-2 






4-3 




4-9 


5-2 


i 


1792 






3-3 






4-4 




SO 


3-2 


ii 






2-9 




3-8 


41 


4-4 




5-0 


5'3 




2016 




3-0 


3-4 


3-8 




4-5 


4-8 


S-1 


5-4 


H 


2128 




30 


3-5 


3-9 


4-2 




4-9 ' 


5-2 


5-4 


1 


2940 


2-5 


3-0 


35 


3-9 


4-3 


4-6 


4-9 1 


6-9 




H 


2800 


26 


3-3 


3-7 


4-1 


4-6 


4-9 


5-3 1 


5-5 


6-8 


Deflex. in inches. 




-16 


■2 


-25 


■3 1 -36 


■4 i -45 





II The Tiblc wu olaikted by the mte in ut. ii7. 
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of Cast Iron, of different lengths, to sustain weights " of from one 



lie defiei-ion 




exceed V,, 


ofan 


inch J 


w each foot in length,'^ 


22 


24 


36 




36 1 38 ' 411 










Dcplli 




Hell's 




iS 


i'ncC' 


Weight. 


2-7 


29 


30 


3 1 


3-2 


3-3 


3-4 


3-5 


3-6 


3-7 


Icwl. 


3'3 


3-4 


3-6 


3-7 


3-8 


3-9 


4-1 


4-2 


4-3 


4-4 


2 — 


3-6 


3-8 


39 


41 


4-2 


4-3 


4-5 


4-6 


4-7 


4-8 


3 — 






















4 — 


4! 


















5-5 


5 — 


4-3 


















5-8 


6 — 






















7 — 


4-6 


































53 






64 


9 — 


4-9 


5-2 
















6-5 


10 — 


5'0 


5-3 




5-6 


S-8 


G-U 


6-2 


G-4 


6-5 


G-7 


11 - 


5-1 


5-3 


5-5 


5-7 


5-9 


G-1 


6-3 


G-5 


6-7 


6-8 


12 — 


:.-2 


5 4 


.V6 


53 


GO 


6-2 


6-5 


6-6 


6-8 


7-0 


13 — 


.V3 


5-5 


5-7 


CO 


G-1 


6-4 


6-G 


e-7 


6-9 


7-1 


14 — 
15- 


5-5 


5-7 


5-9 


62 


64 


6-G 


G'8 


6-9 


70 

7-3 


7-2 
7-4 


IB — 














UJ 








17 — 


5-6 


5-9 


6-1 


6-4 


6-6 


6-8 


70 


7-2 




7-6 




5-7 


















7-7 


19 — 


5-8 


G'O 


6-3 


G-5 


6-8 


7-0 


7-3 


7-4 


7-5 


7-8 


1 ton. 


6-1 


6-4 


6G 


6-9 


7-2 


7-4 


7-6 


7-8 


8-0 


8-2 


11- 


■55 


-6 


■65 


■7 1 -75 


■e 1 -85 


■9 


■95 


1-0 


D«fl. in. 



Tlie weight of tha loid to be luppurted mut Include the ird^l of tb« btUD. To 
fioA ihe Height of > bora, niuIUiil]' ibe ina of ibe McUon in iochu bj' Ibe length b IMt 
■lid by 3-2, vlilch wQ] give the wd^ to tU. 
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TABLE l.—O/tbeSliffiietf 



Lengths in feet 


4 


6 


S 


10 


12 


14 


16 


18 


20 


Weight 


Weight 




Depth 
















'' 




9-8 


3-4 


39 


4-3 


4-7 


51 


5-5 


5-8 


6'1 






99 


3-5 


40 




4-9 


5-3 


5-7 


60 


6'3 






2-9 


3-5 




4-7 


51 


5-5 


5-D 






2! 




3i 


3-S 












e-G 


C-9 






3'3 


40 




5'7 


(il 




6-9 




3( 


-MO 


3-4 


41 


4-8 


r>-3 


o-R 


G-3 


6-7 




7-5 






3-5 


4-3 


4-y 


ov 


(i-0 


6-5 


7-0 


7-4 


7-8 


i' 






4-4 


5'1 


fl-7 


6-2 


6 7 


7-2 


7-6 


80 








4-5 


a-2 


5-8 


6-4 


G-9 






8-2 










5-5 


CI 


G-7 


7-2 


7-7 


at 


SB 




1S680 






5'7 


6-3 


G-9 




SO 




8-9 










5-9 


B-6 


7-2 


?-e 




s-s 


9-3 










60 


6-8 


7-4 


80 




9D 




10 












7-6 








9-8 


II 










7-1 


7'a 


8'4 




9-5 


10-0 




26 880 








7-2 


7-9 


8-6 




9-7 


10' a 


13 










7'4 








9-9 


10-4 




ii 3eo 








7-5 


8'3 


8-3 




10-1 


lOG 


15 


33,600 








7-7 


8-4 


9-1 




HI- 3 


10 fi 


IG 










?-8 


8-6 


9-2 


9-a 


10. 


no 












7-9 


8'7 


9'4 


100 


106 


11-2 




40,320 








8-0 


8-8 


9'5 


10- 1 


■0-, 


11-3 


19 


42,560 








8'1 


8-9 


g-E 


103 


10-9 


ns 


Deflex.i 


incbes. 




■is 


-2 


■as 


■3 


■35 




•« 


■5 



IftfaedeptlioficullnmbirbemDlUplledbr 0-937,tlMpndiicl win be Iha depth of 
I tqaoe bar of moughl iron of tqiul ttlVMa. 



Digllized by Google 



o/BeatM (coniinued). 



22 


24 


26 


28 


30 { 32 


34 


36 


88 


40 












DeplhlDtplli 


































6-4 


6-7 


TO 


7-2 


7-5 


7-7 


80 


8-2 


8-4 


8-6 


li 


G-7 


6'9 


7-2 




7-7 


80 


8-2 


8-5 


8-7 


8-9 


ii 


e-B 


7'2 


7-C 


7-7 


8-0 


8-3 




8-7 


9'0 


9'2 


2 








8-2 


8-5 


S'8 


9-0 


9-3 


9'G 


9-8 




ia 


7-9 


8-3 




8-9 


92 


9-4 


9-7 


100 


10- 1 


3 


7'P 


8-2 




8-9 


92 


9-5 


9-8 


10-1 


10-4 


iO-6 


3J- 


8-2 




8-9 


9-2 


9-5 


9-8 




10-4 


10-7 


110 






8-8 


9'1 


9 5 


9-8 




10-4 


10-8 


11-0 






8-e 


9-0 


9-4 


9-7 






10'7 




11-2 


!l-6 




9-0 


9-4 


9-8 








11-2 




119 


12 1 


C 


9-4 


9-8 


10-2 


10-6 






11-7 


12 0 


12-3 


12-7 




9-7 


10-1 


10'6 


10-9 






120 


124 




131 


g 


100 


10-4 


109 


11-3 






12-4 


13-8 






9 


10-3 


10-7 


11-2 


ll'G 






12-8 


131 


13-n 


13'8 


10 


10-5 


ll-O 


11-5 










13'5 








10' 8 


n-2 


11'7 


121 








13-7 


in 


14-5 


1" 


11-0 


lis 


n-9 








13 G 


14-0 


14-4 


14-7 


13 


11-1 


11-7 


12- 1 


I2-G 








14-6 


150 




U'4 


U-9 


12-3 


12-8 






145 


14-9 


15-3 


15 


11-5 


12-0 


12-3 


13-0 












15-5 


IG 




12-2 


12-7 


13-2 








149 




I5'8 


17 




12-4 


129 








14-7 


151 


IS-6 


16-0 


18 


120 


IS'6 


13-1 


lae 






IfiO 


15-4 


15-8 


16-2 


19 


•55 


■6 


■GS 


■7 


■75 




■83 


■fl 


■95 


1-0 





If Ibedeptli (rfkoiilinnbuim bsomltipligdbf l-SS.thsprodDatifllln the depth of 
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TABtE 1.-0/ lie Sliffne»i 



Lengtht 


infect. 


4 


6 


a 


10 


12 


14 


16 


18 


20 


Wdghl 


in hi. 




inchn! 








,X 








20 


44.800 










9'0 


9-7 


10'4 


no 


u'e 


23 


49.280 












10-0 


10-7 


ira 


U-9 


24 


53,760 










9-4 


10-3 


10-9 


11-5 


12-2 


26 


58.240 










96 


10-4 


11-1 


11-8 


12-4 


28 


62.7SO 










9-8 


10-6 


11-4 


12-0 


12-7 


30 


67.200 












1 0-8 


11-5 


12-5 


13-9 


32 


71.680 












II'O 


11-7 


12-4 




34 


7G.1G0 












111 


U-9 


12-6 


13-3 


36 


80,640 












11-3 


12-0 


I2'8 


13-4 


3S 


85,120 












11-4 


12-2 


130 


136 


40 


BU.GOO 














12-4 


13 1 


138 


42 


34,080 














12'5 


13-3 


14'0 




9S.5G0 














12-7 


13-5 


14-2 


4G 


103.040 














12-8 






48 


107,520 














130 


13-? 


14-5 


50 


1 1 3,000 
















13-y 


14-G 


52 
54 


116.480 
















14 0 
H-l 


U-7 
149 


j6 


120.960 
13j.440 
















14-3 


15'0 


58 


129.920 




















60 


134.400 




















63 


145.600 




















70 


156,800 


















15-9 


Deflex.i 




■1 






•25 




■35 


•4 


■43 


■5 



The depth of a ydlow fir bcuD of equil ttiffiieu may bfl foDod hf mnltlplrlDf thfl dflpth 
of thb cut iron ou ]'71. 



Digllized by Google 









mx {c. 


iiimiied). 








■2-2 


■24 


■26 




3-> 


34 


3G 


38 


40 










DBp.1. 


Depih 


Drplh 


Uei.tl, 


l.q,ll, 






W.'ighl ill 
























1-2-2 






,3-8 


14-2 


14-7 


"ITT 




16-0 


lG-4 


20 




13'0 


;:: 


14-1 


14-6 


151 


15-5 


15'9 


16-4 


16-8 


22 


V2S 


13-4 


130 




14-D 


15-4 


15'9 


16-3 


16-8 


17-2 


24 


13-0 


13C 


U-2 


14-7 


15-3 


15-7 


16-2 


1G-7 


171 




26 




!3-9 


144 


15-0 




1G0 


IG-5 


170 


17-4 


17-9 




13'5 










IG-3 






17-7 


18-2 


30 


13-7 












170 




18-0 

18-3 


18-8 


32 
34 


13- 9 

14- 1 










1G-8 
170 






18-5 


190 


36 


14-3 
14-5 


14-0 








17'fl 


17-8 
180 


18-3 
18-5 


lS-8 
19-1 


19-3 
19-5 


40 


14-7 










17-7 


18-2 




19-3 


19-8 


42 


14 9 










17H 




IDO 


19-5 


200 


44 


150 


15-7 








IH-I 






19-8 


20-3 


46 


15-2 


15-3 


in 






18-3 




19-4 


200 


20-5 


48 


lS-3 


16-0 


1C-G 












20-1 


20-7 


50 


15-5 


16-2 


IG'fi 




IS-1 


18-7 






20'3 


21-0 


52 


1.Tfi 


h;-3 




r-r 




1R-8 




199 


20-,-. 


21-1 


54 


ir.s 


Ifi-.'i ' 17-1 




ia-4 


iH-n 


ISG 




20-7 


■21-3 


56 


irro 


wn 


17-3 


173 




iD-a 




ao-3 


20-9 


21-4 


58 


16 0 






18-1 




19-3 


19-9 


20-5 


21-1 




GO 






i?a 




13-1 


19-8 


20-4 


20-9 


21-5 


22-1 




16-7 


17-4 


18-2 


18'6 


19-6 


20' 1 


20-8 


21-3 


23-0 


225 


70 


-66 


■60 


■65 


■70 


■76 


■80 


■85 


■90 


■95 


1-0 


DeBei. 
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18 IHTRODUCTtON. SECT. I. 

TABLE 1.-0/ the Sliffne>i> 



Lciif^hs in feet. 


4 


« 


8 












■20 


i'ntifill 




D«ith 1 Depth 
incbei-l inchca. 




Inthcs 




76 
60 

8.1 


168,000 

179.200 
190,400 




















95 
100 
110 
1-20 
130 

IGO 
170 
ISO 
190 

250 


aOl.liOl 
212,800 
224,000 
246,400 
268,800 
291.20U 
313,000 

3.'iR.400 
380,800 
403.200 
42fl.C0( 

560,000 




















301) 

400 
450 
500 


fi72,000 
7 84, OCX) 
896.000 
1,008,000 
1,120,000 




















Dcflcx. in inchec. 


-1. 


■16 


■20 


■26 


■30 


■35 


■40 


-45 


■60 



Digilized by Google 
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Beams [eotUkmed). 



1 22 


24 


2G 


28 


30 


33 


34 


36 


38 


40 




j Df plh 1 Depll 


Dep.h 


Depth 

incbB 


icphci 


Depth 
iiieliB. 


D.plh 
iDchca 


til 


Depth 

inchu 


Depth 

incha, 


Wdght 
in toni. 


[17-0 


17-7 


18 5 


13 2 


19 8 




21-3 


21-7 


22 3 


22 9 


75 


ir-2 


ISO 


18'7 


10-4 


20'l 


20 7 


21-4 


22-0 


22-G 


23-2 


80 


17-5 


IS'3 


19'0 


19-7 


20-4 


21 0 


21-7 


22-4 


230 


23-6 


85 


17'8 


18-6 


19-3 


200 


20-7 


31-4 


22-1 


22-7 


23 3 


23-9 


90 


leo 


18'8 


19'S 


20-3 


21-0 


21-7 


22-4 


23-0 


23-6 


24 3 


95 




19'0 


I9'8 


20-6 


21-3 


22-0 


22-fi 


23-3 


23-9 


24-5 


100 






20 a 














.J 1 


110 






20'S 


21-5 


22-3 


23-0 


23-7 


24-4 


2o-0 


25-7 


120 








22 U 












.6 3 


130 










23. 










-0 7 


140 










23-6 


24-3 


25-0 


25-8 


2Qm 


" 


1^0 










23-3 


24-7 


35-5 


26-2 


26 3 


27 6 


160 












2o 1 


2o-9 


26-6 


2/ 4 


28 1 


170 












23 o 


2G-3 


27-0 


27-8 


28-3 


180 












2s-9 


26-7 


27-4 


28-a 


28-9 


130 












2G-2 


27-0 


27-7 


28 5 


29 2 


200 


































28 9 




30-7 


31-5 
















300 








33-7 


350 












31-1 








34-7 


400 












32-0 


33-1 


340 


34<8 


36-8 


450 














33-8 


34-8 


3S-7 


36-7 


600 


•55 


•60 


-65 




•73 


■80 


■85 


■90 1 -95 


1-0 


Deflei. 



20 



TABLE II. — Art. 6. A Tabic showing l/ie wi-ighl or iirensiin: a 
its elaatic force, wAen t' u supported at the endt, and loaded 
that vieiglif mill produce. ThU Table was calculated by the 





1 f 




2 f 




3 feet. 


4 feet. 


j feet. 




Wtigl.t Den, it 


Weight Dca.il 


Wclfjh 


\>ci. in 




























1 in 


850 


■oa 


435 


■m 


283 


•18 


212 


■32 


170 




u- 


1,912 


■014 


35li 


■053 


637 


■12 


477 


■21 


383 




2 — 








(H 


1,132 


■09 








:: 


31— 






2.65C 


-032 


1,769 


■072 


l,32o 


■128 


1,0G2 














2,547 


■Ofi 


l,0OS 


■1! 


1.53(1 




3i- 










3,4(i7 


























J,392 




2,720 




H- 
















z 




!" 




















1,250 


■' 


7 — 


















G,120 


■0S3 


8 — 
3 — 
iO - 






















II ~ 

la — 






















13 — 


























(foot. 


jfoot. 


1 foot. 


Ufot. 



RiHABK.—TlM IbhI tbown hj thli Tiiblo it Ihe greUat m bcua ihould crn lu- 
faln, uid Ihtrefin^ In citealulng tliii laid, ample ittowina miut be nude for 
KcMcnU, and the might of Ibe bcun KhIT niut be ladiidsd. Hm wc^t of the 
bum PUT be euii]r eilcnlMed by th« Rub in (he note la Tibia L 
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inthoduction. 



21 



beam of cast irm, one inch iit breadth, will iiutain leithout destroying 
in the middle of its length, and aUo the defiexion in the middle which 
Equation, art. US." 



6 feet. 


7 feet. 


3 feet. 


9 feet. 


10 feet. 




Wnght Dell, in 


W-cigUc 




Weight 




lis.' 


W.ii 


Wcighl 


Dea. ID 


l>cp<h.. 
























MS 


■72 


121 


■98 


106 


1-2B 




r63 


85 


30 


1 in. 


3S0 


■48 


273 


■03 


239 


■85 


214 


108 


192 


134 


IJ— 


5Ij8 


■3G 


484 


■49 


425 


■G4 


3S0 


-81 


340 


10 


3 - 


887 


■29 


75C 


■39 


662 


■51 


594 


■65 


531 


■8 


n- 


1.278 


■24 


1,089 


■33 


954 


■426 


855 


■54 


765 


'66 




1.733 


■30.J 


1.-182 


■28 


1,298 


•365 


1,164 


■4G 


1,041 


■57 


31- 


2,273 


■IS 




■2.15 


i,700 


■32 


1.520 


■405 


1,360 


■5 




2,875 


-IG 


2,450 


■2! 7 


2,146 


-284 


1,924 


■3G 


1,721 


■443 


4J- 


3,5GO 


■144 


3,050 


■196 


2,C50 


-256 


3,375 


■32 


2,125 


■4 


5 — 


5,1 l-J 


-12 


4,35i; 


■1G3 


3,816 


-213 


3,420 


■37 


3,060 


■33 


6 — 


C,95a 






■14 


5,194 


-IS3 


4,C55 


■23 


4, ICS 


■29 




li.OtiS 


■oy 






ti,7'<\ 




G.oaii 


-J03 


.■j,440 


■25 


8 — 






9,801 


■109 




■U2 


7,695 


" 




■23 


9 — 






12,100 


'098 


10,600 




9,500 


■162 


S,500 


'2 


10 — 










12,826 




11.495 


■1-, 


10,285 


■182 


11 — 










15,264 


■10? 


13,680 


■13.1 


1 2,240 


■17 
















I6,!00 




L 4,400 


■154 


,3- 














18.600 




L 6,700 


■14.3 14 — 


1 J fool. 


1} foot. 


a fc 




33 feet. 


2S feet. 





" A piece Increaitd to n limes the dcpih hu iti itrenglli iacreued J 1) * _ timei. 
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TABLE U.—Of Ihe SIrimyl/i 





12 feet. 


14 f 




16 ft^t. 


1 8 feel. 


20 feci. 


l>,<h. 


bb. 






Dell. 1 
isdm 






Weight 
■nibi. 




inn*. 




9 in 


S83 


144 


243 


1-9G 


212 


2-S6 


189 


3-24 


170 


4-0 


3 — 


G37 


■DG 


546 


13! 


478 


1-71 


4^25 




382 


2-67 


4_ 


1,133 


■72 


971 


■98 


849 




755 




680 


2-08 


5 — 


1,771 


■58 


1.S18 


■78 


1,328 


1-02 


1,180 


1-29 


I,0G2 


1-G 


6- 


2,548 


■48 


2.184 


■65 


1,912 




1,699 


108 


1.530 


134 


7 — 


3.471 


■41 


2,97.-, 


■58 


S.CIi;! 


■73 


2,314 


■93 


2,082 


M4 


8- 


4,53a 


■36 


3,sa4 


■49 


3,396 


■fi4 


3,030 


-81 


2,730 


100 


9 — 


5,733 


-32 


4,nH 


■44 


4,30-2 


■57 


3,825 


■72 


3,438 


■89 


10 — 


7,083 


■asK 


6,071 


■392 


5,312 


■512 


4,722 


■648 


4,250 


■8 


Il- 


8,570 


■2fi 


7,346 


■36 


6,428 


-47 


5,714 


■59 


6,142 


-73 


ia- 


10,192 


■24 


8,736 


■33 


7,C48 


■43 


6,796 


■54 


6,120 


-67 


13- 


11,971 


■22 


10,260 


■307 


8.9/8 


■39 


7.980 


-49 


7,182 


■61 


14- 


13.883 


■21 


11,900 


■28 


10,412 


■36 


9.255 


■46 


8.330 


■57 


15- 


15.937 


■19 


13.660 


■26 


11,952 


■34 


10,624 




9,562 


■533 


le^ 


18,128 


■18 


15,536 


■245 


13,584 




13,080 


■403 


10,880 




17 — 


20.500 


■17 


17,500 


■23 


15,353 


-3 


13,fi47 


■38 


13,282 


■47 




22,932 


-IG 


19.656 


■217 


17.208 


■284 


15,700 


■3C 


13.752 


■442 


19 — 


25,4(M 


■152 


21.800 


■207 


19.053 




16,935 


-34 


15,242 


■42 


20 — 


28.332 


■144 


24,284 


■195 


21,248 


■256 


18.888 


'324 


17,000 






3 feet. 


3^ feet. 


4 feet. 


4^feet. 


5 feet. 
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of Beams (continued). 





•2-2 feel. 


24 feet. 


36 feet. 


28 feet. 


30 feet. 














■IVcijlht 




Weight 


Dell, i 
iiichc) 


Weighl 








154 


4-84 


142 


3^76 


131 


^■70 


13t 


784 


113 


9^0 


3 m 




347 


3'23 


318 


3-84 


394 


431 


273 


5-33 


2j5 


6D 


3- 




618 


2-42 


566 


2^88 


523 


3-38 


485 


3-93 


453 


4-5 


4- 




Dce 


1-S3 


8S5 


a-30 


817 


2' 70 


759 


3-14 


703 


3-6 


3— 




1.31)0 


ICl 


1,274 


1S2 


1,176 


■1-2:. 


1 ,092 


2.rii 


1,1)19 


30 


6- 




1,893 
3,472 


1-38 
1-21 


1,735 
3,264 


1-G3 
1-44 


1,602 
2,092 


I-S3 
169 


I.4S? 
1,940 


324 
1-96 


1,38S 
1,819 


2-57 
9^95 


7— 
8— 




3,123 


I '07 


2,863 


1'28 


9,646 


1-50 


2,457 


l-TI 


9,993 


2-0 


9— 




3,803 


■968 


3,541 


M52 


3,269 


■ ■359 


3,035 


1-5G8 


2,833 


■ ■8 


lo- 




4,675 


■88 


4,383 


I 03 


3,953 


1^23 


3,673 


1-425 


3,428 


1-C4 


ll— 




r>,aGO 


■81 


5,036 


■96 


4,704 


1-13 


4,368 


13i 


4,076 




IS- 




6,599 


■74 


5,B85 


■880 


5,525 


1-04 


,^..130 




4,788 


1-38 


IS— 




7. .^73 


■69 


6,341 


■824 


6,403 


■36,1 


5,950 


M2 


5,553 


1-29 


14— 




S.G9'2 


■G45 








■3 


0,829 


103 


6,374 


1^3 


IS- 




9,888 


■63 


3,056 




8,3G8 


■84 




■98 


7,248 


1-13 


IS- 




11,16C 


■567 


10,235 


■673 


9,447 


■79 


8.773 


■92 


8,188 


1-06 


17— 




2,492 


■54 


11,448 


■64 


10,584 




9,828 


■87 


9,180 




18— 


13,857 


■51 


12, "02 


■G07 


11,725 


■71 


10,687 


■823 


10,161 








•484 


14,164 




13.076 




12.140 


■7B4 11,332 




30— 




'• 


6 feci. 


Gifeet. 


7 feet. 


7i feet. 
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TABLE 11.-0/ (he Streafflh 







ii feet. 


16 feet. 


IS feet. SO feet. 




''[.."ihl'' 




hit?' 




Weiglit 




'■'n^'tw" 


inch». 






21m. 


31,230 


•138 


26,770 


■186 


23,428 


■245 


20.825 


-31 


18,742 


■382 


2^— 


ai.sm 


■131 


29,300 


■17fi 


25,712 


■235 


22,855 


■295 


20,570 


■365 


2.t- 


3;,fi™ 


■127 


32,000 


■17 


28,103 


■225 


24,980 


■282 


22,482 


■35 


24— 


■IO,7G8 


■12 


34,344 




30,.i92 


■2lfi 


27,184 


■27 


24,460 


■335 


2r.- 






37.700 




33,20;! 


■21 


29,314 


■26 


26.562 


■32 


26— 






40,900 




3.-,,912 


■1B7 


31,922 


■25 


2«,J30 


■307 


27— 






44.000 




38,72S 


■19 


34,425 


■24 


30,982 


■297 


28— 






47.300 






■183 


37,022 


■23 


33,320 


■386 


29— 










44,078 


■176 


39,714 


■223 


35,742 


■275 


30— 










47,808 


■170 


42,496 


■21G 


38,350 


■266 


31— 










51,0.-i3 


■164 


45,380 


■207 


40,842 


■257 


32— 










54,400 


■16 


48,371 


■202 


43,520 


■25 


33— 














51,425 


■196 


46,282 


■24 '3 


34— 


















49,1.10 




35— 














57,847 
CI. 200 


■ss-i 

■18 


52,062 
55,080 


■228 
■322 




3 feet. 


3i feet. 


4 feel. 


4| feet. 


5 feet. 



If the mi^ 1 cut iiOD bar Kill nppmt b« nmllipGtd bf t-13, the prodnct iriQ be die 
miglil ■ mmjaHTUiOH btr oflhe umi du irill mppott. And (lis flmm of the mongU Inn 
bu mill be fiHisd ij Diiltl;]^iig the flexure of the cut Itob on* h) O-BB. 

Tba Urengtb of good daiI) (iM.fiKirtb of tbe itnagib of eon InHi; Ibordbn in odi beam trill 
beir Dne-foarth of the load af a out iioi one of (he uine riie. And tbe flemre of the oak bum 
(dll be found bji maltipliiiig the flcinre of Ibe ml iron ddc 2 B. 
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of Beamt {continued). 



23 feet. 


24 feet. 


SG feet. 


28 feel. 


30 feet. 


■""^ 






Weight 








"n'ifl" "kI^! 


Wright 


LifeU" 


lUplhl. 


17,0:i(i 


■4,-, 


IH 


■55 


14,4! 7 


■Ii45 


13,3H7 




12,495 


■86 


21 in. 


iS.7O0 


■4-1 


17,141 


■525 


15,823 


■615 


14,G33 


■71 


13.713 


■815 


22— 




■42 


18,735 


■5 


17,286 


■59 


1G.059 


■fi8 


14,988 


■78 


23— 




■402 


30,384 


■48 


Ifi.SlC 


■5fi5 


i 7,492 


■663 


1 fi,304 


■75 


24— 


24.148 


■3S7 


22,1 3 ■> 


■4G 


20.432 


■--.4 


18,373 


«s 


17, 70S 


■72 


25- 


2G,118 


•37:i 


23,341 


■4^i3 


22.100 


■52 


30.521 


■607 


19.153 


■G95 


2G— 


QS,1GG 


■3G 


25,819 


■427 


23.832 


■5 


22,130 


■58 


20,G35 


■G67 


27— 


30,390 


■347 


2;,7!iG 


■41 


25.C30 


■48 


23,800 


■56 


22,^113 


■G4j 


28- 


32,493 


■333 


29,785 


■395 


27,494 


-4G2 


23,530 


•54 


23,828 


■G2 


29— 


34,7l!7 


■322 


31,8G9 


■384 


29,421 


■450 


27,313 


■522 


25,497 


■GO 


30— 


37,148 


■31 


34,035 


■37 


31,417 


■435 


29,173 


-505 


27,228 


■58 


31 — 


39,5G3 


■3U2 


3G,26G 


■3G 


33.477 


■42 


31.086 


■49 


29,013 


■3G 


32— 


4a,075 




33,5G8 




33.G02 


■41 


33,058 


■47 


30,855 




33— 


44,tiG3 


■283 


40,94! 


■33G 


37,7S2 


■393 




■46 


32,7.13 


■53 


34— 


47,329 


■276 


43.385 


■329 


40.048 


■386 


37,187 


■448 


34,708 


■514 


35— 


50,073 


■369 


43,900 


-32 


42,369 


■375 


39,343 


■435 


36.720 




36— 


5^ feet. 


eieet. 


6} feet. 


7 feet. 


7J feet. 





To aodthcwdghtklMiB Df TXLunr *» will bw, nnltlplT the vdgtit i cut inn om df 
tlie ume lita TriJI bear I17 O'S. hai bi tai Iti Hence, muMplT the Qastt of 1 cut inm dim 

liy 2 '6. 

In (ha nnu muBU the T(Ue tat} be (p|i(ied to find tin itnngtb of taj otber mitiriil of 
whidi the prepiiitkiiul (tresgth in lopeet to cut inm ii known. See the •IphibeliMl Ttble d 
the end of tMt mnk. 
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TABLE III.'*— Art. 7. A Table io thorn the weight or pretmre a 
cylindrical pillar or column qf east iron toill stulain, with si^etg, in 
hundred weigkta. 





2 ft. 


4 ft, 


Cft. 


8ft. 


10ft 


12ft 


14ft.!l6ft.|l8ft 


20ft 


S2ft 


24 ft 




























ZI. 


















1 in. 


la 


12 






3 




2 












1 in. 


U— 


44 


3G 


28 


19 


16 


13 




7 


6 


5 


4 


3 


1*— 


a — 


62 


72 


GO 


49 


40 


32 


26 


32 


18 


15 


13 


11 


2 — 




129 


119 


!0j 


91 


77 


G5 


5. 


47 


40 


34 


29 


25 


2J- 


3 — 


ISS 


178 


1G3 


i4r 


12S 


11 














- 


Z\- 


257 




232 


214 


191 


i'- 




l.t.^ 


119 






6: 


H— 


4 ~ 


337 


326 


310 


238 


26G 


242 


220 


198 


178 


IGO 


144 


130 


4 — 


4i- 


429 


418 


400 


379 




327 


301 


275 


2^1 


229 


208 


189 


41— 


6 — 


530 


522 


501 


479 


452 


427 


394 


3G5 


337 


310 


285 


2G2 


5 - 


6 — 


GIG 


607 


59S 


S73 


550 


525 


497 


469 






386 


360 


6 — 


7 — 


10401032 


1013 


989 


959 


924 


887 


648 


808 


7G5 


725 


G8G 


7 — 


6 — 


1S44 13.13 


1315 


1289 


1259 


1224 


1185 


;142 


1097 


10.'i2100r> 


959 


8 — 


9 — 


1727 1716 


1607 1G721C40 


ifio;i 


i:,r,\ 




■"" 


-flG'l3G4 1311 




10 — 


1 

213321 19 


2100 2077 204.'. 










■•11 




69, 


0 — 


11 — 


2.1 S(P 
















z 


J2482l892la7 
















J!)30|29002830 


a78o|a73o'sG702600jl2 — 


Tliis T 














art 290. 


t ii 









Table il most u&efiiL cveii Io thi: cjiiickcal rnlciLlalor, Lecanio the irdgbl lo be lupported and 
the Ivngtb being ^l^'cn, a quadratic cquatian mmt he solved la find the diamBter: here it la 
bmti tnapecSon. Thia Table doei not admit of ucunte applicatiiHi to Mher mMriili, im 
■ccogoE of the farm of thi equatiui. It will be neirt; eoneci for niDti^t icon, but li not 
appliaibto lo timber. 

^ This Table baa no aolid badi. The Terj ingeDlotu reuoning, Irwn wUcfa the lonmila la 
deduced 1^ "hldi the lUile irai ctlndaled, depesda upon atmiiipliiKit wUeh Mr. Tredgold 
waa Indnesd to adopt thioogh want of enperiauntal data. See Ur. Barknr'a Bepoil on flie 
Strength of MateriaJh Znd voL of the Britalh Auodltion. An ibatract of en operimental 
rcMnett, to uipply tidi dearienty, win he gi«n is (be " Addition!." — Editoh. 
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SECTION II. 



EXPLANATION OF THE TABLES, WITH EXAMPLES 
OF THEIR USE. 

EXPLANATION OF THE FIRST TABLE. 

8. The first Table (page 12, art. 5,) shows by 
inspection, the dimensions of square beunis to sus- 
tain weights or pressures of from one hundi'cd 
weight to 500 tons; so as not to be bent or de- 
flected in the middle, more than one-fortieth of an 
inch for each foot in lei^;th. 

The lengtlL is the distance between the supports, 
as AB, fig. 1, Plate I., &nd the Btrew, whether it 
be {mm weight or pressare, is supposed to act at 
the middle of the length, as at C in the figure. 
The breadth and depth are supposed to be the 
same in every part of the length, and equal to one 
another. 

The horizontal row of figures at the top of the 
Table contains the lengths in feet. 

The columns, at the outeides, contain the weights 
in cwts. and tons, and the second column, on the 
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left-hand side, contains the weights in pounds 
avoirdupois. 

The horizontal row of figures at the hottom shows 
the deflexion for each length. The other columns 
show the deptbs in inches. 

EXPLANATHIV fiV TUT. SETONI) TABLE. 

9. Tlie second Tabic (|>aL:P '20, art. (i,) is intended 
to show the greatest wcii^lit ii beiiiii ol'tast iioii will 
bear in the middle of its length, wiicii it is loaded 
with as much as it will bear, so as to recover its 
natural form when the load is removed. If a heam 
be loaded beyond that point, the equilibrinm of its 
parts b destroyed, and it takes a permanent set. 
Also, in a beam ao loaded beyond its strength, the 
deflexion becomes irregular, increasing very rapidly 
in proportion to the load. 

The horizontal row of figures along the top of 
the Table contains the lengths in feet, that is, the 
distances between the points of support ; and the 
horizontal row at bottom, the length of a heam sup- 
ported or fixed at one end only, which with the 
same load would have the same deflexion. 

The columns on the outsides contiun the depths 
in inches. 

The other columns contain the weights in pounds 
fivoirdupois, and the deflexions they would produce 
in inches and decimal parts, when tlie beams will be 
only just capable of restoring themselves. 
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The breadth of each beam is one inch, therefore 
the Table shows the utmost weight a beam of one 
inch in breadth should have to bear ; and a piece 
five inches in breadth will bear five times as much, 
and so of any other breadth. 

EXPLANATION OF THE THlItD TABLE.' 

10. The third Table (page 26, art. 7,) shows 
by inspection the weight or pressure a cylindrical 
piUar or column of cast iron will bear with safety. 
The pressure is expressed in cwts. and is computed 
on the supposition that the pillar is under the moet 
unfavonrable drcnmstances for resisting the stress, 
which happens, when, from settlements, imperfect 
fitting, or other caoses, the direction of the stress 
is in the surface of the pillar, as shown in fig. 31, 
HatelV. 

The horizontal row of figures along the top of 
the Table contdns the lengths or heights of the 
pillars in feet. 

The outside vertical columns of the Table contain 
the diameters of the pillars in inches. 

The other vertical columns of the Table show the 
wdgbt in cwts. which a cast iron pillar, of the 
height at the top of the column, and of the dia- 
meter in the side columns, will support with safety. 
Consequently, of the height, tiie diameter, and the 



■ See note to that TBt>le.— Eoimik. 
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weight to be Bupported, any two being gjven, the 
other will be found by inspection. 

EXAMPLES AND USE OF THE TABLES. 

1 1 . Example I . To find the depth of a square 
bar of citst iron, twenty feet in length, that would 
support ten tons, the deflexion not exceeding half 

an inch. 

Find the column in Table I. which has the length 
twenty feet at the top, and in that column, and 
opposite to ten tons in either of the side columns, 
will be found the proper depth for the bar, which 
is 9'8 inches. 

If the depth 9-8 be multiplied by 1-71, it will 
give the depth of a square beam of fii that would 
support the same load witii the same deflexion. 
Tims, 1-71 X9-8=16-76 inches nearly, the depth 
of the fir beam. 

If the depth of an oak beam be required, multiply 
by 1-83; thus l-83x9-8=17-93 inches, the depth 
of an oak beam. 

12. Example 2. Required the weight a cast iron 
beam would support without impairing its elastic 
force, the length, breadth, and depth being given ? 

Let tlie lengtli be twenty feet, and the breadth 
the same as the depth, ten inches. In the second 
Table, under tlie length twenty feet, and opposite 
the depth ten inches, we find the weight 4,250 lbs. 
for the load a beam one inch in breadth would bear ; 
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and this multiplied by 10, gives 42,5001bs., or 
nearly nineteen tons ; and the deflexion would be 
0-8 inches, but t!ie weight of the bL-ani itself would 
Ijc nearly three tons, iuid its effect the same as if 
half the three tons were applied in the middle con- 
sequently the sreatest load that the beam should be 
liable to sustain should not exceed seventeen tons 
and a half. 

An oak heani of the same size would BUpport 
only one-fourth of 42,500ffi8. or 10,6259)8.; and 
its deflexion in the middle wotdd be 0*8 multiplied 
by 2-8=2-24 inches. 

A fir beam of the same size would support 
thiee-tenths of 42,500 fits. = 12,750 fte.; and its 
deflexion in the middle would be 0*8x2-6 =2-08 
ioches. 

A Wrought iron bar of the same mze would sup- 
port 1-12 times the weight of the cast iron one, 
thBti8,42,500X 1- 12=47,600 fta.; and its deflexion 
in the middle would be 0-8 multiplied by 0 86 
=0-688 inches. But the reader will remember that 
wrought iron possesses this great stiffness only in 
consequence of the operations of forging or rolling, 
and these operations have very little effect where 
the thickness is considerable. 

13. There are cases where a greater degree of 
flexure may be allowed, and lliere are others where 
it ought to he less ; but I consider that to which 
the first Table is calculated as nearly the mean, and 
it is easy to make any variation in this respect. 
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EaampU 3, Let it be required to find the depth 
of a Bqoare cast iron bar to support ten tons witliuut 
more deflexion thaa one-tenth of an inch, the length 
bcin;; twenty feet. 

liy uxamiiiiiig tlie detlcxion for twenty i'eet ut the 
foot of the column in Table I, it will be found live 
limes one-lentli of an inch ; lienee take the deptli 
opposite five times the wciglit or fifty tona, wbicb 
is 14-C inches, the depth required. 

14, Example 4. Find the deptb of a square bar 
of cast iron to support ten tons, the deflexion not 
to exceed one inch, the length being twenty feet. 

This degree of deflexion is double that at the foot 
of the coiumn beaded 20 feet in Table I. ; therefore 
loolc opposite half the weight, or five tone, and the 
depth will be found to be 8'2 incbee. 

I have taken the same length and weight in each 
of these examples for the purpose of showing how 
much the deptb must be increased to g^ve stiff- 
ness. 

15. When a bar or beam is employed to support 
a load in the middle, or at any other point of the 
length, a great saving of the material is made by 
making the bar thin and deep,* pronded it l>e not 
made so thin as to break sideways. 

The depth of a beam is sometimeB limited by cu-- 
cumstaDces, and as no proportion could be given 



' The term dcplh » nlKays employed far the dimeneion in the 
(Ureetion of the preieure. 
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tliat would suit for cveiy purpose, it is left entirely 
to the judgment of the person wlio miiy use the 
Table. But there is a limit to the depth, which, 
if it be exceeded, renders the use of cast iron for 
bearing purposes very objeetionable and dangerous 
where tlie load is likely to acquire some degree 
of momentum from any cause ; for if the depth be 
increased, it renders a beam rigid or nearly in- 
flexible, and then a comparatively small impulsive 
force will break it. A very rigid beam resembles 
a hEird body ; it will bear an immense pressure, but 
the stroke of a small hammer wUl fracture it, 

In order to mark the point where the depth has 
arrived at that proportion of the length which 
makes it become dangerously rigid, I have stopped 
the column of depths at that point, and should it be 
required to sustain a greater wdght, the breadth 
must be increased instead the depth. 

16. Example 5. Find the depth of a rectpngular 
bar of cast iron to support a weight of 10 tons in 
the middle of its length, the deflexion oot to exceed 
one-fortieth of an inch per foot in length, and the 
length 20 feet ; also let the depth be six times the 
breadth. 

Under the length 20 feet in Table I, and op- 
posite six times the weight, will be found the depth, 
which in this case is 15 3 mches, and the breadth 
will be one-sixth of this depth, or 2*6 inches. 

If a fir beam be proposed to support the same 
weight with the same quantity of deflexion, multiply 



34 
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tbe depth 15-3 inches by 1'71, which gives 26-2 
inches for the depth of the fir beam, end its breadth 
wiUbe 

2G-3- 

-g-=s 4'37 incbei oearly. 

The depth of an oak beam for the same purpose 
may also be found by using the multiplier given for 
oak at the foot of the Table. 

In the same manner, if the depth had been fixed 
to be four times the breadth, look opposite four times 
the weight for the dejitli, and make the breadth 
one-fourth of the depth, and so of any other pro- 
portion. 

17. Examples. If the breadth and length of a 
beam be given, and it be required to lind the depth 
such that the beam may sustain a given weight with- 
out impairing its elastic force ; then, in the second 
Table, the depth and deflexion may be found thus : 
IMvide the g^voi v«ght by the breadth ; the quo- 
tient will be the w^ht a beam of one inch in 
breadth wonld snstmn, whic^ being found in the 
column of weights under the given length, the 
depth required will he opposite to it, and also the 
deflexion. 

Let the given breadth be three inches, the we^ht 
to be supported 10 tons or 22,400 lbs., and the 
length 20 feet. Then 




and the weight nearest to 7466 Sis. in the colunm 
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for 20 feet lengths in the second Table is 8330, 
and the deptb 14 inches, and the deflexion would be 
0-57 in. 

Example 7. The second Table may be uaefully 
applied to proportion the parts of a very simple 
wdghing machine for weighing very heavy weights. 
For the flexure of a beam being directly proportional 
to the load npon it, while its elastic force is perfect, 
this flexure may be made the measure of the weight 
upon the beam. And a multiplying index may be 
easily made to increase the extent of the divinons 
80 as to reader them distinct enou^ for any useful 
pntpose. 

Suppose that 4 tons (8960 lbs.) is the greatest 
load to be woghed, and that (he distance between 
the suppoilB is 16 feet ; and make the breadth of 
the bar ? imdies. Ihea, 



and the oetuvst load above this under the length 16 
feet in Table II. is 1328 %s., and the corresponding 
depth 5 inches, which may be the depth of the bar. 
The flexure will be 1 -02 inches, but if the beam be 
formed as fig. 4, Plate I., the flemire will be greater, 
being nearly 17. (The calculation may be made 
by art. 232.) 

By maldng the index move over 5 inches when 
the dedexion is one inch, each cwt. will cause the 
index to move over one>tenth of an inch ; but the 
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scale should be gra<Iuated by the actual application 
of ton weights. 

Two such beams and an index would form a 
simple weigh-hridge, which would be very bttle ex- 
pense ; a correct enough measure of weiglit for any 
practical use, not likely to get ont of order, and 
would require no attention in weighing except ex- 
amining the index. And this index might be en- 
closed, if necessary, so as to be inaccessible to the 
keeper of the weigh-bridge. 

18. Example 8. To find the diameter for a mill 
shall which Is to be a solid cylinder of cast iron, 
that will bear a gjven pressure, the flexure in &s 
middle not to exceed one-fortieth of an inch for each 
foot in lei^ith. 

Let us suppose the distance ' of die supported 
pcHnts of a shaft to be 20 feet, and the pressure to 
he equal to 10 tons. Then multiply the pressure ' 
by the constant multiplier 1-7, that is, 
10 X 1-7 = 17, 

and in this case, opposite 17 tons in the first T^ble, 
and under 20 feet, we find 11*2 inches for the dia- 
meter of the cylinder or shaft. 

Dut a mill shaft should have less flexure than 
one-fortieth of an inch for each foot in length ; about 
half that degree of flexure will be as much as should 
he allowed to take place. Therefore opposite double 

* Seeart. 258, orElemeiitarj-Prinoiplea of CBipenlry. Sect. II. 
ut. 96 1 or editioD by Mr. Barlow, 4lo. 1840. 
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the weight, or twice. 17 tons, will be found the dia- 
meter to give the shaft that degree of stiffiiesB, that 
is, 13-3 inches. 

If it be for a water wheel, for example, the stress 
should include every force acting on the shaft ; that 
is, the weight of the wheels on the shaft, and twice 
the weight of water in the buckets of the water 
wlieel ; and though it will exceed the actual stress 
as much as the difference Ijetween the weight of the 
water and its force to impel the wheel, the difference 
is too small to render it necessary to adopt a more 
accurate mode of computation. 

Example 9. Large shafts are often made hollow 
in order to acquire a greater degree of sUffness with 
a less wdght of metal, not only to lessen the £rst 
expense, but also to lessen the pressure, and cc»ise- 
qoently frictioa on the gudgeons. If the thickness 
of the metal be made one-fifth of the external dia- 
meter, the stiffness of the hollow tnbe will be half 
that of a square beam, of which the dde is equal to 
the exterior diameter of the tube. (See art. 259.) 
Therefore in Table I., opposite double the stress on 
the shaft, will be found the diameter in inches under 
the given length. 

For instance, let the shaft be 25 feet long, and the 
stress upon it when collected in the middle 18 tons; 
under 26 feet in Table I. and opposite 2 X 18, or 36 
tons, will be found 15'3 inches, the diameter of the 
shaft, provided it may bend 0 65 in., or a little 
more than half an inch at every revolution. If it 
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should bend only half ttus, then look oppoeite twice 
36 tons ; the nearest in the Table ia 75 tons, and the 
diameter is 18^ inches. The thickness of metal will 
be one-fifth, or nearly 33 inches. 

19. Example 10. When the diameter of a solid 
cyUnder is given, and the length, to tind the greatest 
load it will susUun without injury to its elasticity, 
and the deflexion that weight will cause. 

Suppose the diameter to be 11 inches, and the 
length 20 feet, then in the second Table, opposite 
the depth 1 1 inches, and under the length 20 feet, 
will be found 5142 Ibe. Let this be multipUed by 
the diameter 1 1 inches, and divided by the constant 
number 1*7; the lesnlt wiQ be the \mght reqmred 
in pounds. 

In this case it is 33,27! As., for 

5143 X 11-t-l*7 = 33,371. 

The deflexion opposite 11 inches and under 20 
feet is 73 in. 

Any different degree of deflexion may be allowed 
for in the same manner as shown in the third and 
fourth examples. 



APPLtOATIOH TO CASBB WHBRB TBK LOAD 18 TO BB 

UNIFORMLY DISTRIBUTED OVER THB LENGTH OF 

20. Whether ii loiid be uniformly ilistriliiited over 
the length from A to B, tig. 2, Plate I., or it he col- 
lected at several equidistant points, as at I, 2, 3, 4, 
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5, G, and 7, in the same figure, the same nile may 
be used, as it causes no di£fbrence that need be 
regarded in practice. But the effect of this load in 
producing flexure difTers from itB effect in producing 
permanent alteration. 

It is proved by writers on tbe resistance of solids, 
that the whole of a lond upon ii beam, wlien it is 
uniformly distributed ovlt il, will produce the same 
degree of deflexion as five-cightbs of tbc load applied 
in the middle,'' (see experiment, arl. M, fil, and b2). 
Conaequentlv, take five-eigliths of the whole load 
upon the beam, and with this reduced weight pro- 
ceed as in the foregoing examples. 

21. Example 11. Let it be required to find the 
dimensions of a cast iron bar to support 10 tons 
unifonnly distributed over its length, the depth of 
the bar to be four times its breadth, and the deflexion 
to be not more than one-eightieth part of an inch 
for each foot in length, or one-fourth of an inch, tfae 
length beii^ 20 feet. 

Here the five-dghths of 10 tons is 6 tons and a 
quarter, and as tfae depth is to be four times tbe 
breadth, multiplying ax and a quarter by four ^ves 
25 tons ; but the deflexion is to be only half that 
giren in the Table; therefore tfae 25 must be 
doubled, which gives 50 for the number of tons 



^ Dr. Young's Lectures on Nat. Pliil. vol. il. art, 3-25. 329. 
Mr. Bttriow'a Trcalue on the Strengtli of Timber, Cast Iron, &c., 
art. Sd. 1837. 



40 



EXPLANATION AND SECT. II. 



oppo»te which the depth is to be found. The depth 
oppotdte 50 tons, aod under 20 feet, is 14*6 inches, 
and the breadth is 

li^ orS-G&inehef i 
that is, a bar 14'6 indies deep, and 3'65 inches in 
breadth, will bear a load of ten tons onifonnly 
tlibuted over it when the lei^th of bearing is 20 feet, 
and the deflexion in the middle a quarter of an inch. 

Example 12. Let it be proposed to find the 
proper dimeneions for an open girder of cast iron, 
for supporting the floor of a room, the girder being 
formed as described in fig, 11, Plate II. (See art. 
41.) 

Suppose tlie distance between the walls to be 25 
feet, and the distance between girder and girder to 
be 10 feet, then there will be 

10 X 25 = 250 

superficial feet of floor supported by each g^er; and 
the load pneach foot being 160 lbs., (see Alphabetical 
Table, art. Floor,) 

160 X 250 = 40,000 %B. 
is the whole load disttibnted over the girder. But 
five-eighths of 40,000 is 25,000 Sis., and multiplying' 
25,000 by 6-3 we have 157,0009)s. ; the nearest 

" It is Bhown in a note to art. 200, timt where thi; breadth and 
ilqith nf Ihc section of the beam nt A H, or C I), fii;. 1 ! , is one. 
liftb of tlic entire dciitli of the beam in tlie middk. tliu ttretigth 
is to llwl of H equBre beam us 1 : 6'3, Bnd the stiffneBB h in the 
Dime praportion. 
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number in Table I. is 156,8001bs., and the mean 
between the depths for 24 and 26 feet is 17 8 inches, 
which is the depth for the girder: the breadth should 
be one-fiflh of the depth, or 
17-8 

—J— — 3-sfi indieB, 

and the Eection at AB, and CD, square. 

If the girder were actually loaded to the extent we 
have calculated upon, the depression in the middle 
would be about one-third more than is stated at 
the foot of the Table, in consequence of the girder 
being diminished towards the ends ; but the greatest 
variable load in practice is seldom more than half 
that we have assumed, and it is the flexure from the 
variable load which is most injurious to ceilings, &c. 

Again, let the leilg& of bearing be 20 feet, and 
the distance of the girders 8 feet, and the we^ht 
160 lbs, upon a superficial foot of the floor, then 

:;0 X !! X leO = 25.G0Oiba. 

the whole load distributed over the girder. And 
flve-eighths of this load moltiplied by 6*3 is 

5 X 6-3 X 35.600 

jj = 101^800 Iw. 

The nearest number in Table I. is 103,040, and the 
depth corresponding to a 20 feet bearing is 14'3 
inches, the depth of the girder required ; and 
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The examples here gjven of girders show' the di- 
mensions of some that were ezecnted several years 

ago. 

Example 13. The same calculations apply to the 
form of girder shown in fig. 24, Plate III. When 
the extreme breadth at the upper or lower Bide is 
one-fifth of the depth, divide this lirendth into ten 
equal parts, and make the thickness in the middle 
of the depth four of these parts ; the depth of the 
projections should be tbree-fourtlis of the breadth.*' 
With these proportions, the depth at the middle of 
a girder for a 25 feet bearing should he 1 /S inches, 
and the extreme breadth 3 56 inches, as in the pre- 
ceding example. 

And for a 20 feet hearing Hj^ inches deep, and 
2'SG inches in breadth. 1 have seen some of less 
dimensions employed In several instances, but it is 
to be hoped such examples are not very common. 
A review of my mode of calculation wiH show that 
no more excess of strength is albwed &an ought to 
be in sach a materiaL 

When there is not any length and w«ght in the 
I^hle exactly the same as those )diicb are ^ven, 
take the nearest ; the dimensions thus obtained will 
always be sufficiently near for practice. 

22. In applying the second Table, the effect of 
a load uniformly distributed over the length is to be 
considered equal to that half the load collected at 



* See note to art. 166, for tlie reason of thii rule. 
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the middle point, (art. 139.) Therefore considering 
this [lalf load the weight to be supported, proceed 
as in the other examples of the use of the second 



EXAMPLES OF THE USB OP THE THIRD TABLE. 

23. Example 14. Let it be required to support 
the floor of a warehouse by iron pillare, where the 
greatest load on any pillar will he 70 tons, tlie 
height of the pillara being 14 feet. 

Seventy tons is equal to 1400 cwt.; and in the co- 
lumn having 14 feet at the head, in the third Table, 
1561 cwt. is the nearest weight; and the diameter 
opposite this weight in &.e dde cohnmi is 9 inches, 
the dtameter reqniied. 

If it be vished to i^pnmoh nearer to the propor- 
tion, take the mean between the wd^t above and 
that below 1400; ^t i6,tlie mean between 1561 
and 1 185, which is 1373, or nearly 1400 ; hence it 
appears that a little more than 8^ inches would be 
a snfficient diameter, but it is sehlom necessary to 
calculate so near. 

Example 15. If it be desired to fix on the dia- 
meter for story posts of cast iron to support the 
front of a house ; such a one for example as is com- 
monly erected in London where the ground story is 
to be occupied with shops; — in such a case, each 
foot in length of frontage may be estimated at 25 
cwt. for each floor, and 12 cwt. for the roof: bence 
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in a house with three stories over the abopa, the 
extreme load will be 

3 X 25 + 12 = 87 cwl. 

on each foot of frontage. Now if the posts be 7 feet 
apart, and 12 feet high, we have 7 X87= C09 cwt. 
the load upon one post ; and hence we find by the 
l^ble, that a pillar 6} inches in diameter would 
be suffident ; the load 525 cwt., which corresponds 
to a diameter of 6 inches, being too small. 

If there be only two stories above the pillars, and 
the height of a pillar be 10 feet, the distance from 
pillar to pillar 7 feet ; then, 

■ {fiTiS) + 12 X 7 = 434 cwt. 

the whole load for one pillar ; and it appears by the 
Table, that a pillar 5 inches in diameter would sus- 
tain 452 cwt. ; coDBequently 5 inches will be a proper 
diameter for the pillais. 

"When {Hilars are placed at irregidar distances, 
that which carries the greatest load should be calcu- 
lated for, and if it h^pen that such a pillar stands 
10 feet from the next support on one dde, and 6 
ieet from the next support on the other side, add 
these distances together, and take the mean for the 
distance apart ; thus, 

lO + fi 16 
^-=2=8. 

the mean distance of the supports. 

The strain upon a pillar cannot be exactly in tlie 
direction of the axis when the pillars are placed at 
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unetiTial distances to support an uniform load ; and 
since tliis unequal distribution of supports is ex- 
tremely common in story posts, the propriety of 
adojjtiiig tlic mode of calculation I have followed is 
evident. 

Tlie diameter of a story post is sometimes made 
so small in respect to its lieight and the load upon 
it, that a very slight lateral stroke would break it : 
while we hope that no serious accident may occur 
through such hardihood, we cannot but dread the 
consequences of trusting to these inadequate sup- 
ports. 



SECTION III. 



OP THE FOEMS OF GREATEST STHENGTH FOR 
BEAMS. 

24. In the IntrodncUon, I have stated that one 
d' the most valuable properties of cast iron con- 
HSts in our bdng able to mould it into the strongest 
form for om- intended pnipose; and in order to 
apply this property with the most advantage, it will 
be useful to condder the means of applying our 
theoretical knowledge on this subject to practice. 

There are two means of increasing tlie strength 
of a beam ; the one consiets in disposing the parts 
of the cross section in the most advantageous form; 
tlie otlier, in diminisliing tlie beam towards the parts 
that arc least strained, so that the strain may be 
equal in every part of the length. 



OF FORMS OF EQUAL 8TREN0TB FOR BEAMS TO 
RESIST CROSS STRAINS. 

25. Before I point out the forms of equal strength 
corresponding to diiferent modes of applying the 
load or straining force, let us conader the condi- 
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tioDB that me essential in a practical point of view. 
In the first place, supported parts must have suf- 
ficient magnitude to insure stabilit)' ; for it is much 
more important that every connexion or joining 
should be firm, and that tlie bearing jmrts should 
be secure against crushing or indentation, than it is 
that a small portion of material should be saved. 
When mathematicians investigate a form of equal 
strength, the manner of connecting it or supporting 
it is not considered. Girard has shown that what- 
ever line generates a sohd of equal resistance, the 
sohd always terminates in a simple point, or in an 
arris which is rather perpendicular or parallel to the 
direction of the straining force.' Tlierefore the forms 
^ven by this mode of investigatioa do not answer 
in practice unless they be properly modified. 

26. It may be easily proved, that in a rectan- 
gular section, when a w^bt is supported by a 
heam, the area of the section at the point of greatest 
strain should be to the area at the place of least 
strain, as six times the length is to the depth at the 
point of greatest strain and this is the least pro- 



> TniU Andytiqne ie U B^stBiice des Solidei, art. 1 29. 
' Forituihonn (art. 110) that 

Imt tbe force to resiBt detruaion being us the area eimply ; tliere. 
Ion we nnut Iuve/£'il'=W at tbc weakest point. Canw- 
qnentlf 
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portion that ot^ht to be given. Now when the 
length and depth are equal, the area at the pomt of 
least strain should be one-aixth of the area at the 
point bf greatest strain, instead of brang a simple 
point or an airis. 

27. If a beam be supported at the ends, and the 
load applied at Bome one point between the sup- 
ports, and always acting in the same direction, the 
best plan appears to be to keep the extended side 
perfectly straight, and to make the breadth the 
same throughout the length ; then the mathema- 
tical form of the compressed side is that formed by 
drawing two semiparabolas A C D and BCD, fig. 3, 
C being the point where the force acts.^ Now the 
curve terminating at A, it is necessary in applying 
it to use, to add some such parts as are indicated 
by the dotted lines at the extremities. The same 
form is proper for a beam supported in the middle, 
as the beam of a balance. 

28. Im^jular additions of tlus kind, however, 
render it difficult to estimate the efi^ of the strain- 
ing force; therefore, some simple straight-lined 
figure to include the parabolic form is to be pre- 




eiid-.-.bd-.Vd'; 
wbere / if the length, b d the area at the pmnt of greatest strain, 
mnd V d' the area at the point of leaat stnuo. 

' Greg. Mechanics, i. art. ISO. It nas firat abown bf Galileo. 
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ferred : this may be easily effected as proposed by 
Dr. Young,* by making the lines bounding; tlie com- 
pressed side tangents to the parabolas, as in fig. 4. 
If AE be equal to half CD, thea EC is a tangent 
to the point C of an ioBcribed parabola A C, having 
its vertex at A. 

liy forming a beam in this manner, one-fourth of 
the material is saved ; but Ihe flexure will be some- 
what more than one-third greater, therefore there is 
a loss of stifihess in using this form. 

29. If the beam be strained sometimes from one 
side and sometimes from the other, both sides 
should be of the same figure, as in tig. 5. In the 
beam of a double acting steam engine, the strain is 
of this kind. AE and BF should be equal, and 
each equal to half C D as before. 

30. It is sometimes desirable to preserve the same 
depth throughout; and in this case, the section 
through the length of the beam made perpendicular 
to the direction of the strainii^ force should be a 
trape^um, described in the maimer shown in ihe 
6th figure,* the force acting perpendicularly at C, 
the pointe of support being at A and B. A figure 
of this kind would obviously be without stability, 
but modified as shown by fig. 7, the end being 
formed as shown at B', any degree of stabiUty niay 
be given, and with a less quantity of material than 



* Nat. PhUos. vol. i. p. 767. 

' Gregory's Medunici, i. art. 17S. 
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when the depth is ditnimshed, as in the parabolic 
form. Also, the deflexioa is less, which ^vea this 
form a considerable advantage for bearing purposes. 
In a beam supported in the middle, the same form 
may be used when the weights act at the ends, as in 
a balance. 

31. When a beam or bar is rcjriilarly diminished 
towards the points tliat are least strained, so that 
a!l the sections are similar figures, whether it be 
supported at the ends and loaded in the middle, or 
supported in the middle and loaded at the ends, the 
outline should he a cubic parabola and if the sec- 
tion of tlie beam he a circle at the point of greatest 
strain, the form of the beam should be that gene- 
rated by the revolution of the cubic parabola round 
its axis, the vertex being at the jwint of least 
Strain. 

But in practice, a frustum of a cone or a pyramid 
will generally answer better, the diameter of the 
point of greatest strain bdng to that at the point of 
smallest strain as 3 : 2.' 

The same figure is proper for a beam fixed at one 
end, and the force actii^ at the other; conse- 
quently, it is a proper figure for a mast to carry 
a single sul. 



° Gregory's Mcclianics, i. art. 181. or Bmerson'e Mechsoics, 
prop, Isxiii. cor. !■ 

' Such a cone or pyramiil will include the figure of equal 
strength, the snbtangent of the cum being three times its 
sbadua. 
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32. If a weight be uniformly distributed over the 
length of a beam supported at both ends, and the 
breadth be the same throughout, the line bounding 
the compresseti side should be a semi-ellipse when 
the lower side is straiglit,'" as siiown in tig. K. 

, Instead of an ellipse, I usually make the com- 
pressed side a portion of a circle, of which the radius 
is equal to the square of half the length divided by 
the depth of the beam. The dotted line in fig. 8 
shows this form. 

The same form of equal strength should be em- 
ployed when the beam is intended to reeist the 
pressure of a load roDing over it ; hence the beams 
of a bridge, the raits of a waigon>way, and the like, 
should be of this figure. 

33. If a beam has to bear a w^ht unifonnly 
distributed over its length, and its depth be every 
where the same, the beam bdog supported at both 
ends, then the outline of the breadth should be two 
parabolas A CB, ADB, set base to base, their ver- 
tices C and D being in the middle of the length, as 
shown in the annexed perspective sketch." In prac- 




' Gre^ory'i Hedunici, i. «rt. IS2, or Emenon'* Meobank*, 
prop. luui. cor. 3. 
» Yonng'B Nat. Phfl. i. p. 767. 
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tical cases, the area ACB, ADB, may be portions 
of drcles. 

When the ends are modified as in fig. 7, Plate I., 
this will be the most advantageous form for a beam 
for supporting a load uniformly distributed over its 
length, as lintels, bressummers, joists, and the like. 

;34. Wlum a beam is fixcil at one end only, and 
has to. support a weight uniformly distributed over 
its lenglh ; if the brcadtli of the beam be every 
where tiie same, tlie forni of cijiial utrengtli is ii 
triangle ACB,'" fig. 21, Plut« III. 

35. If a beam be fixed at one end only, and the 
weight be uniformly difi'used over the length, the 
section being every where circular, then the form of 
equal strenglb woidd be (liat generated by the revo- 
lution of a seioi-ciibic parabula round its iu\is." 

It will be sufficient in practice to employ the 
firustum of a cone of which the diameter at the UD- 
supported end is one^third of the diameter at the 
fixed end." 



'* Emenon's Meohanica, prop. Ixxiii. cor. 3. Ibid. 
^ For the eqoation of the curve is, 

f X s the enbtuigent = I'S f i 
and Che length of the cone that would incla^ the form of greatest 
ntreng;th ii I'S times tha length of the bmn. 
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OF THE STRONGEST FORM OF SECTION. 

36. When a rectangular beam is supported at 
the ends, and loaded in any manner between tlie 
supports, it may be observed that the side against 
which the force acts is always compressed, and that 
the opposite side is always extended ; while at the 
middle of the de]>th there is a part whicli is neither 
extended nor compressed ; or, In other words, it is 
not str^ed at all. 

Any one who chooses to make experiments may 
satisfy himself that this is a correct statement of the 
fact, in any material whatever ; whether it be hard 
and brittle as cast iron, zinc, or glass ; or tough and 
ductile as wrou^t iron and soft steel; or flenble 
as wood and caoutcbouc ; or soft and ductile as lead 
and tin. hi very flexible bodies it may be observed 
by drawii^ fine parallel lines across the side of the 
bar before the force is applied ; when the piece is 
Btrfuned the hues become inclined, retaining their 
original distance apart only at the neutral axis. Id 
almost all substances, the fracture shows distinctly 
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that a part has been extended, and the rest com- 
pressed; and in some substances, as wood, lead, 
tin, wroi^t iron, Sic, the place of the axie of 
motion may be observed in the fracture. It was 
first noticed in experiment, and applied to correct 
Galileo's theory by Marriotte.' Coulomb * and Dr. 
Young have made it the basis of their investiga- 
tions, the latter showing the important fact that an 
oblique force changes the position of this axis as 
1ms been invest ii^'atecl more in detail in this Essay. 
Lately the plnce of the neutral axis in horizontal 
beams lias biicn nioi'c closely examined by ISarlow 
in a numerous course of experiments and Duleau 
has ingeniously shown its place by experiment on 
wrought iron.' The same thing is exhibited in a 
refined and beautiful contrivance of Dr. Brewster's, 
which he calls a teinometer, and employs to measure 
the effect offeree on elastic bodies.^ 

The stiains decrease from each side towards the 
middle, and in the middle they are insenuble. I 

' TmtisQ on the Motion of Water, &c., tcsiulited by Deu- 
gnKera, p. 243, 8vo. London, 171S. 

9 M&Doires de rAcod&me dee Sciencea. Paria, 1773. 

" Lecturea on Natural PhQoaophy, vol. ii. p. 47, 4to. I«ndon, 
1805. 

' Easay on the Strength of Timber, &c.. p. 86, &c., 8vo. 
London, 1817. Since repHntcd, nith nddillona, in 1838. 

* Esau Thterique el Eip^rimental sar la R&iatance du Fer 
Torgi, p. 3S, 4ta. I^ris, 1830. 

* Additions to Forgaaon'* Ijccturea, vol. ii. p. S32, Svo. Edin- 
bargb, 1833. 
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will call the part at the middle of the depth the 
neutral axis, or axie of motum. See Sect. VII. 
art. 107. 

37. In the case of equilibrium, between the strain- 
ing force anil the rt'sislniKf ot" n W.ww, it i-i !i neces- 
sary condition that the resistanet; on one i^ide of liie 
axis of motion should be exactly equal to the re- 
sistance on the other side ; or, tliat tiie force of 
compression should be equal to tiie foi'ce of exten- 
sion. Now, in practice, a body should never be 
strained beyond its power of restoring itself; and 
as it is Itnown from experience, that while their 
elastic force remains perfect, bodies resist the same 
degree of extension or of compression with equal 
forces, it is obvious that, in the section of a beam 
of the greatest strength, the form on each side of 
the axis of motion should be the same ; because 
whatever is the strongest form for one aide of the 
axis must be equally so for the other. Hence, the 
axis of motion in beams of the greatest strength will 
always be at the middle of the deptii.' 

38. And, as it is shown by writers on the re- 
sistance of solids, that the power of any part in the 
same section is directly as the square of its distance 
from the axis of motion, (art. 108,) when the stram 



' These remarks apply only to bodies subjected to very mo- 
derate strains, particularly in cast iron : since that metal requires, 
on the aiera^, nearly seven times as much force to crush it oa 
to tear it aaunder, and the brealiiDg strength of beams dependi 
apon these forcee. — Editoh. 
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upon it is the same, it is otmonsly an advantage 
to dispoee the parts of the sectioD at the greatest 
possible distance from the axis of motioa, provided 
that the middle parts be kept snffidently strong to 
prevent the straining force from crushing the extreme 
parts together, and that the breadth be made snffi- 
dent to give stability. 

39. It mnst also be observed that when the parts 
are not of eiiual tliickness, the metal cools unequally, 
and therefore is partially strained by irrc^lar con- 
traction : it IS sometimes even fractured by such 
irregular coolmg : lor this reason, the parts of a 
beam should be nearly ot the same size. A good 
iounder niav geoerallv reduce the danger of irregular 
cooling, but It IS always best to avoid it altogether. 

40. Tiie form of section which I usually adopt in 
order to fulfil these conditions is represented in 
fig. 9.' AM is the axis of motion; the parts on 
each side of the axis of moticm are the same ; the 
metal is nearly of equal thickness, and the parts 
necessary to give strength and stability are disposed 
at the greatest distance from the axis of motion. 

A section of this form is adapted for many pur- 
poses ; such, for example, as the beam of a steam 
engine, as in fig. 26 ; or for supporting arches, as in 
fig. 10, Ibr girders, bearing beams, and the like. 

nnd Uic beam proposed in tlie in,\r iirtitk' (lip. LI, Plate II.) 
breukB irregularly, uDd is remarkably weak. See AddilionB. — 
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41. When it is necessary to leave some part of 
the middle of the beam quite open, or irhen the 
depth is considerable, I have reconree to another 
method, which has, in such cases, a dedded advan- 
tage in point of economy. It consists in making 
the compressed side of the beam, or that against 
which Ihe force acts, ii series of arches, and the 
other side a straight tie. (Sec fig. 11, Plate II.) If 
tlie tie be not straight, there is a great loss of 
strength, and a greater loss of stififaess. 

In this figure, the thickness ie supposed to be 
every where the same, and the narrowest part of the 
curved side of the same width as the straight side; 
or, so that tlic area of the section at A B may be the 
same as the area of the section at C D. 

The sketch in the figure is for the case in which 
the load is uniformly distributed over the length, 
and then the upper side should be the proper curve 
of equilibrium ibr an uniform load. Tliis curve is a 
common parabola, but a circular arc will always he 
sufficiently near when the rise is bo small. The 
upper part of the beam forms an arch, of which the 
continued tie forms the abutments, and the smaller 
arches are merely to connect the two parts and give 
stability to the whole. 

The connexion thus formed is necessary for sup- 
porting the tie ; and in consequence of this con- 
nexion the effect of the straining force will be similar 
to that on a solid beam. Several girders and beams 
for fioors have been formed on this prindple ; and a 
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simple method of proportioQing them will be found 
in the second Section, p. 41. 

All the parts should be kept as nearly as conve- 
nient of the same bulk, to prevent irregular con- 
traction. 

42. If the load be distributed in any other manner, 
the curve should be the proper curve of equilibrium 
for that load.' 

For if it be not the proper eurve. partial strains 
will be produced in the beam, wliicli wili impair its 
strength. The curve of equihbrium should pass 
every where at the middle of the deptli of the curved 
part of the beam, and should meet the axis of the 
straight tie in the centres of the supports upon which 
the beam rests. Thus AC being the curve of equi- 




librium, AD the axis or centre line of the tie; AB 
should be the centre of the support on wliich the 
beam rests. 

43. If the load be applied at one pdnt, the upper 
side should be formed of two strught lines, meeting 



■ The method of fimfing the curve of equilibriDm ii ihown in 
my " Elementary Prindplea of Carpentry," Sect. 1. art, 47-81. 
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in the point where the load is to rest, as at A in 
fig. 12. 

The openings should be disposed as may beat 

answer the purpose lor which the beam is intended, 
but they may geiieriilly be from 2 to 3 feet each. 
When such beams, as fig. 11, are used as girders, 
the opeuiugs receive tlie bimiing joists instead of 
mortises. 

44. When a beam is to bear a load at one cm], 
the other being fixed ; or when a beam is loaded iit 
both ends and the support is in the middle ; tlien 
the tie should be the upper part of the beam : it 
should obviously be straight for the reasons already 
assigned ; and the other parts should be straight 
also, except the small degree of curvature which 
would cauee the weight of the part to be balanced 

• by the forces conceroed. Indeed, the arrangement 
for this strain should be the same as fig. 12 in- 
verted, the support being at A, and the load at B 
and D. 

45. But when the load is uniformly 'distributed 
over the length, tbe lower side A C, in the annexed 
figure, should be curved ; the proper curve for an 
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uniform load being a common parabola witli its 
vertex at A. By a combination of such beams, a 
bridge might be formed which would have no lateral 
pressure on its piers or abutments. C D being one 
of the piers, the distance between the points C and 
D may very easily he so arranged, that a given force 
at A or B would not disturb the equilibrium of the 
frame. 

A bridge of this kind would not be affected by 
contraction and expansion ; because no connexion 
would be necessary at the junction of tlie beams at 
A, but such as would allow of the motion of con- 
traction or expansion without injury. 

Jn a design for a large bridge on this principle, 
which I made some years ago, it was contrived to 
put together in parts, without the assistance of 
centering; the open work of the spandiils being' 
composed of verttcal and dii^nal supports and 
hrac3B. 

OF THE STRONOBST FOBU OF SECTION FOR 
KEVOLVINO SHAFTS. 

46. When a beam revolves, while the straining 
force continues to act in the same direction upon it, 
that form is obviously the best which is of the same 
strength to resist a stress at any point of the peri- 
m^r of its secUon, and the circle is the only form 
of sectioa which has this property.'" 

'* Hue conclniion haa been otjeoted to by NaTier (Application 
de la Mfcaniqae, note to art. 494) ia the following tcnna i — 
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If a shaft be of any other form than cylmdrical, 
the flexure will be different in difierent parts of the 
revolution, and therefore the motion will be un- 
steady, and particularlv in new ^vork. In a square 
shaft, (and sudi aiu chieily fm|ik)_ved,) the 

resistance to prcsann; at one point is to the resistance 
to the same ]irt'ssurL- ut another point in tlie peri- 
meter as ten is to .icvcii nearly iiirt. 112). In fea- 
thered shafts, that is, shiilts of which the section is 
similur to tig. 13, tilt' resistance is more regular, but 
not perfectly so." 

"Hie most coDveDient figure for ftxet of rotatioD ii made > 
■object of inquiry in tbe Rnuiticd Estays on MiU-worb by Bo- 
cliBDan, irith note! by T. IVedgold, 18S3, vol. i. p. 3GS, and in 
the Praclical Essay on the Strenglli of Cast Iron. Mr. TVed^ld 
appews to think that the circle ia the only figure which givia to 
the aie« the properly of oSeriog in every direction the same re- 
Hstance to flexure. Tlie error of this engineer proceeds from his 
coasideriDg the resistance to flexure as being meamred by die 
e^iresaion which measures the reeietunce to mptore. We have 
already remarked that a aquarc eectian gave the same remstance 
to flexure in the direction of the Bides and of tbe diugoDals. But 
moreover, this section gives nn equal reaiatance in every directiDn ; 
and the sonie ia the caje with regard to a great number of figures, 
which may be formed by combining in n Bymmetrical manner Ihc 
circle and the aquare. It thence results that if the axes strength- 
ened by salient aides, nbich tbe English call feathered shafts, do 
not answer as well as square axes, or full cylindrical ones, tbia 
arisea probably from thdr not being as well di^osed to renst 
torsion, and not from the ineqnahtiea of flexore of these axea." — 
Ediiob. 

" Id heavy Mtronomietl iMtmmenti, and in *11 omcIiidh 
where steady and accarate noveraents ere necesnuy. every atten- 
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For the same reasons, the sections of the masts of 
vessels should be drcular. 

47. As the circle is the best form for the section 
of a shaft, a hollow cyhnder will be the strongest 
and stiffcst form for a shaft ; and the same form is 
also best calculated for resisting a twisting strain 
to which all shafts are more or less exposed. 

The idea of making hollow tubes for resisting 
forces that often change their direction, has been 
undoubtedly borrowed from nature ; but in art we 
cannot pursue the principle to so much advantage, 
because it is difficult to make a perfect casting of 
a thiu tube ; and in shafts, &c. of small diameter, it 
is much greater economy to make them sohd. 

It is usual to make hollow tubes of uniform dia- 
meter with gudgeons cast separate, to fix at the ends. 
He manner of calculating the atifloess of hollow 
tubes for shafts is shown in art. 259 and 260, and 
an easy popular mode at art 18, "When they are 
applied to other pnipoBes, consult art. 178, and 
thwe following it in the same proposition. 



tion should be paid to the «Kct of flexure. IrregulBnt; may be 
diminished by excew of atrengtb, bat it cannot be nliolljr removed. 
Hie reader nho wiehea to pm'Bue Ibi* ntiject, ai br ei regardi 
wtronomical inatruments, may coniult the Philosophical MagaoDe, 
vol. Ix. p. 338, and vol. Lu. p. 10. 
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AN ACCOUNT OF SOME EXPERIMENTS ON THE 
RESISTANCE OF CAST IRON. 

48. There have been very few experimentB made 
on the resistance of cast iron, in which the degree 
of flexure produced by a given weight has been 
measured ; but the few that have come to my 
knowledge, and that are sufficiently described to 
admit of comparison, I purpose to compare with 
the rules I made use of in calculating the Tables in 
this work ; and to add several new experiments. 

HR. BANKS'S BXPBRIHBNT8.' 

49. Mr. Banks made some experiments on cast 
iron, and noticed the d^exion, bnt only at the time 
of fracture. These experiments were made at a 
foundry at Wakefield. The iron was cast from the 
air-Aimace ; the bars one inch square, and the 



' From a treatiK " On the Power of MachinM," by John 
Bulks. KendiU, 1S03, p. 96. 
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props exactly a yard distant. One yard in length 
weighed exactly 9 Bis., excepting one, which was 
about half an ounce less, and another a very little 
more. Hiey all bent about an iach before they 
broke. 

1st bar broke with 963feB.-| jj^^ 

2d btf broke irith 96S „ >97i|ttH. 

Sd bar brake mth .' S94 „ J 

4th bar, made finm the cupola, broke with 864 „ 

50. Now the rule acconiting to which the first 
Table was calculated is expressed by the equation 

■001 WL'^BD", 
ill wliicli the weight in pounds is (lenoted by W, the 
lcni.'t)i in feet hy L, the breadth in inches by B, 
the depth ill inches by D, and tlie number 001 is a 
constant multiplier, which I shall sometimes denote 
by.. 

The rule determines the dimensionfi for a de- 
flexion of as many fortieths of an inch as there are 
feet in length, or ^ ; and if (2 be the deflexion in 
inches determined by experiment, we have 

i-.w-.-.b-.m, 

40 40d 

which being substituted for the weight in the equa- 
tion above it, becomes 

■001 WV 



40 <( 



= BD«. 



The equation, in this form, may be called a for- 
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inula of compariBon, as when tUe valae of a deter- 
mined by it is the same I hare used, or nesrfy the 
same, it will be evident that the l^ble is cdculated 
from proper data. 

51. Taking the mean of the first three of Mr. 
Banks's experiments, we have 

40_BI^ 40 -o- 

And in the bar from the cupola, or fourth espe- 



The experiments of Mr. Banks indicate therefore 
that he had employed iron of a more flexible quality, 
but they are not sufficiently accurate for estab- 
lishing the ekments of a practical rule, because the 
deflexion nas not corroctly ob=crvc(i, nor olisen-ed 
at a proper sla;,'c of t!ie experiment. For ivlien a 
bar is strained nearly to the point of fracture, tlie 
deflexion becomes extremely irregular, and increases 
more rapidly than in the simple proportion of the 
weight, (see art. 56, G3, Gfi, and 67,) and conse- 
quently must give a much higher value to a than 
the true one, as we find to be the case with these 



M. RONOELKT S EXPERIMENTS.^ 

52. M. Rondelet has described some experi- 

* EstnictBd from his Traite ThAjriqae et Pratiqae de I'Art 
da Bfitir, 6 tomei, 4tQ. Puria, 1814, tome W. p. 914. 
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on building, which were made upon specimens of 
r066 inches square, Bupported at the ends, and 
loaded in the middle of the length. 



M. BandelePt First Experimenls. Dklance belween the 3igi- 
porta 3-83 /etV, 



Weight in 9st. 


134 


301 


268 


335 


Bemarlie. &c. 


Kind of inu. 


DcB. 


i^cfa'. 


Defl. 


Difl. 




1. Gray coat iron 

2. Do. do. 


■08!) 
■156 


■2 

■313 




■49 


Broke with 482 lha. 
Broke with 482 tts. 










2) '38 


■49 mesn of deflexions, 
uitli 335 fts. 


3. Soft cBBt iron 

4. Do. do. 

5. Do. do. 
G. Do. do. 


■134 
■0223 
■D89 
■089 


■313 
■067 
■15C 
■178 


■466 
■134 
■245 
■2D 


■38 
■445 


UriAe with TOOttis. 
iirokcivLtli lUOibs. 
Broke with aVSihe. 
Broke with 605 Iba. 










4)1^G45 


■4llmCBnofdefleilons, 
with 335 tbfi. 



M. BottdeUea Second Ei^eriiitentt. Dhlamc hehm-n Iht Sup- 
porta \-9l5 feel. 



W=ii;IH in 






ti05 


Rcmnrks, S:c. 












1. Gray CBBliroi 
3. Do. do. 


■O07 
■0445 


-uws 

■089 


■112 


■134 


Broke with 580 tt». 
Broke with 1063 ba. 
Mean of defleiiona, with 
433 His. ig ■OS^ inch. 


3. Soft emit iron 

4. Do. do. 


■0445 
•0445 


■089 
■067 


■134 


■153 


Broke with 1770B». 
Broke with 1360 tts. 




12) -156 
1 -076 






Mean of deflexions, with 
4e3ftB.U 078 inch. 
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In order to compare these results with the for- 
mula usi-cl in tiilculatinc the Tables, I have taken 
the mean deflexions corresponding to the load of 
335 lbs. in the long pieces, and to 483 lbs. in the 
short ones ; and in the gray cast iron. 

For the long lengths a = '001 34 

Far the shoH Ungtlw a= -D01S5 

In the soft cast iron. 

For the long lengths o=0011S 

For the Bhott lengths n= 00118 

These values of a were calculated by the formula 
of comparison given in art. 50, and the latter ones 
nearly agree vith that employed to calculate the 
Table. 



MR. BBBBLS 8 BZPERIUBNT. 

53. According to a trial communicated to me by 
Mr. R. Efabels, a bar of caet iron, 1 inch square, 
and supported at the ends, the distance of the sup- 
ports being 3 feet, the deflexion in the middle ■naa 
^ths of an indi, mth a veigfat of 308fi». sus- 
pended iiom the middle. The iron was of a hard 
kind, not yielding very easily to the file ; it was cast 
at a Welsh foundry. 

Li this trial we have 



Consequently, iron of this kind is about ^th 
stronger than that which the Table is calculated 
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from, or rather it would bend ^th part less under 
the same strain. 

ExpCTimvnt I . 

54. A joist of cast iron of llie form described in 
fig. 9, Plate I., was submitted to tlie following trials. 
It was supported at the ends only ; the distance 
between the supports 19 feet, and placed on its 
edge. The deflexion from its own weight was ^tbs 
of an inch. 

When it was laid flatwise, the deflexion from its 
own weight was S S inches, the distance of the sup- 
ports remaining 19 feet. 

Tlie whole depth a d, fig. 9, was 9 inches, the 
breadth, a h, was 2 inches ; the depth of the middle 
part, ef, was 7} inches; and the breadth of the 
middle part fths of an inch. 

55. It may be easily shown that to derive the 
vahie of a, from the experimeot on the edge, we 
may use an equation of this form, (see art. 192 
and 215.) 

^_ 40BD'd(l--j^rt _64Biyrf(l 

in which D is the whole depth, and p D the depth 
of the middle part, and B the whole breadth, and 
g B the breadth after deducting that of the middle 
part. 

In our experiment D = 9 inches, and p D = 7 5, 
or j7 = '833. Also, B =: 2 inches, and deducting 
Jths, the breadth of the middle, we have q B= I -25, 
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OT q= -625. And the w«ght of the part of the 
joiBt betweea the supports bemg MOttks., we find 
o= 00124. 

The equation for finding the value of a, in the 
experiment with the joist flatwise, is 



^ = a = -oooaa. 



D = a inches, B = 9 — 7-6 = l'5,p = -Y- and j = jTr- 

I consider the value of a derived from the expe- 
riment with the joist flatwise as nearest the truth, 
because the deflexion was so coDsiderable, that a 
small error in measuring it would not sensibly affect 
the result, while there must be some uncertainty in 
ascertaining so small a deflexion as ths of an 
inch in 19 feet; and a very small error in this 
measure would cause the difference between the 
results. I have, however, given it, as I determined 
it at the time, and the manner of calculation may 
be useful in other cases. If the mean be taken 
between the results, it is 



In the experiment flatwise, we obtain a constant 
multiplier extremely near to that determined from 
a bar of the same iron an inch square and 34 inches 
long (art, 57), and it differs only about i^th part 
from the one employed for calculaUng the Table, 
page 12, art. 5. 
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Experiment 2. 

56. 1 now purpose describing the direct expe- 
riments I have made for obtaining the constant 
mol^Uers nsed in thia vork; I coll e^qjeriments 
direct when known weights ore applied as the 
Btruning force, without the intervention of mecha- 
nical powers, wiflurat Iobs of effect from fiiction, or 
a risk of error in eatimaling the quantity of force, 
when the yielding of the supports cannot aCEect the 
measure of the deflexion, and when the deflexion 
can be accuratel;^ meaeuied. 

The iron I need was soft gray cast iron ; it yielded 
easily to the file, and extended a little under the 
hammer, before it became brittle and short.' 

Ttie first experiment was made with a bar of an 
inch square, cast by Messrs. Dowson, London, with 
the supports 34 inches apart ; the weights were 
placed in a scale suspended from the middle of the 
length; the load was increased bv 10 lbs. at a time, 
and the deflexion measured each time, the quautity 
of deflexion being multiplied by means of a lever 
index. The whole time of maldng the experiment 
was nearly four hours; the thermometer varj'ing 
{mm 65 to 66 degrees. Only half the number a£ 
obserrations is inserted here. 



' A consiilcrnblc degree of mnlleability is a good quality in 
cssl iron for bearing purposes, because it lessens the rist of 
sudden failure. The iron was a miztuTe of Butterljr iron, two 
parti, with one part of old iroa. 
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From this experiment we find that the tlefloiion 
of cast iron is exactly proportional to the load, til! 
the strain arrives at a certain magnitude, and it 
then becomes irregular; and at or near the same 
strain a permanent alteration takes place in the 
structure of the iron, and a part of its elastic force 
is loEt. The same thing occurs in experiments on 
other metals : I have tried wrought iron, tin, zinc, 
lead, and alloys of tin and lead, with a view to 
measure their elastic forces, and the struns that 
produce pomanmt alteration. 

57. According to this experiment, 

40 B IP <i 40 X -21 ™„„, 

— ^ = ooosas = o. 



Experiment 3. 
58. The next experiments were made ^th. an 
unifium bar of iron, cast by Messrs. Dowson, 3 

* The weight of the acile, SUM., ought to liftve been added. 
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inches by 1 and 1^ inches, and 6*5 feet between the 
supports. When this bar was placed on its edge, 
and loaded io the middle with 

ISO Am. the deflezum in the middle was 1 fortielh of an inch. 
3909i«. 2 do. 

aSOftd H do- 

440 fts 3 do. 

The same deflexions were observed in removing 
the load, and it perfectly regained its natural state. 
Whence we have, 

40BD'<( 1-6x27x3 . 
440X 274-6B5 = """^ = 



Experiment 4. 

59. The same piece, with the supports at the 
same distance, placed flatwise, and loaded in the 
middle with 

180 Iba. the dcflciion in the middle was 5 fortieths o( m inch. 
360*3 in (1q. 

Tlie bar restored itself perfectly when the weights 
were removed, and the trial wbis repeated with the 
same results; the load, of 3601bs., remained upon 
it ten hours without impairing its elastic force, or 
increasing the deflexion in tfie slightest degree. 

60. From this and the preceding experiment, the 
ratio of the breadth and depth to the quantity of 
deflexion may be compared when the weight is the 
same. According to the theory of the resistance to 
flexure (art. 256), 

a- • . 



S OH CAST IBOH. 73 

and for the weight of 360 lbs. we have 

as it was found to be by experiment. 

To find the constant multiplier from the last ex- 
periment, we have 

«IBJfid 3xa'375 x 



X 374-629 



=3-00103 = 0. 



Tliis value of a does not exactly agree vntb the 
one calculated th)m the first experiment oa the 
same piece ; but it is as near as can be expected in 
a case of this kind ; and in a practical point of view 
it is as near ao approach to accuracy as the nature 
of the subject requires. 



ExperiTnent 5. 

61. I was desirous of trying the e^ct of an 
uniformly distributed load, and my w^hte, which 
are cubical pieces of cast iron, all of the same mze, 
and each weighing 10 tbs., are very well adapted for 
the purpose. 

The same piece that was used for the last experi- 
ment was hud fiatwiEe upon supports, the supports 
being 6 feet 6 inches apart, and 18 weights (in all 
ISO tbs.) were laid along the upper side, just so as 
to be clear of one another, in the manner shown in 
fig. 2, Plate I. The deflexion produced by these 
weights was ^tha of an inch. 

A second tier of weights being added, making the 
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whole weight upon the bar 360 fits., the deflexion 
was ^ths of an inch. 

63. Hence it appears, that when the weight is 
nniformlf distributed over the length, the deflexion 
is directly as the we^ht. 

And comparing this with the preceding experi- 
ment, it appears, that the deflexion from the weight 
uniformly distributed over the length, is to the de- 
flexion from the same weight applied in the middle 
of the length, as 6 is to 10. 

The proportion obtained by theoretical investi- 
gation is as 5 is to 8 ; but as 6 : 1 0 : : 5 : 8 J. This 
small difference arises undoubtedly from error in 
measuring the deflexions in the experiments. 

To compare the value of the constant multiplier 
by this experiment, the equation 

40BD'if _ 
Twi?"-" 

must be used, whence we And a='00098. 

Experiment 6. 
63, This experiment was made upon a piece of 
iron cast by Messrs. Bramah, of PimUco, London. 
It CTumbled sooner under the hammer than that 
used in the preceding experiments, and did' not 
yield quite so readily to the file ; it was regular and 
fine-grained. 

The piece was uniform, and ^tha of an inch 
square; the supports were 3 feet apart, and the 
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weight was applied in the middle of the distance 
between tlie sujiports. 



f \<.l,en Ihi> Li>ad had 



When the weights were removed, the piece re- 
tained a permanent deflexion of 075 inch ; but it 
was several hours before it returned to tliat curva- 
ture. I did not break the specimen, because I had 
not weight enough by mc for that purpose, neither 
would it have given a fair uifasuie of tlie strength 
of the iron after the trials I have described ; but I 
hope the eiFect of these trials will make the reader 
sensible of the necessity of limiting the strun within 
the range of the elastic force of the n 

According to this experiment, 
WBIfrf 40 X -9* X -21 
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COMPARISON OPTHB FRBCEDINO EXPBRIMBNTS. 

64. If the mean value of the constant a be 
taken for the experiments from art. 53 to 63, it is 
0'0010446. The number used in calculating the 
first Table (art. 5, p. 12,) was 0-001, a sufficiently 
near approximation, with the advantage of much 
simpUcity. 

Experiments 7, 8, and 9, 

65. The next trials were made with specimens 
formed as' shown in fig. 4, Plate I., with the deepest 
part C D exactly in the middle of the length, and 
the depth, Rt CD, 0 975 inch; the depth EA and 
BF were each half that at CD. The distance of 
the supported points A B was 3 feet, and the hreadth 
of the bars 0-75 inch. The load was suspended 
from the pcunt C in the middle of the lengtii, and 
the deflexion was measured at the same point : the 
load was increased by 10 lbs. at a time. 



Weight. 



Dedei. prDdufcd 



t. prodaced. 



Brd SpedmflL 



On the -first Bpecimen the load of 180 Dm. re- 
muoed twelve hours ; the deflexion did not sensibly 
increase, and it returned to its natural form when 
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unloaded; it was again loaded to 2001bs., which 
remained upon it two hours ; it was then unloaded 
again, and was found to have taken a permanent eet 
with a deflexion of '005 inch. The specimen was 
then loaded again, and the deflexions observed at 
every 20fts.: the deflexion produced by the ad- 
dition of 20tbs. was at first -026, became -03, -04, 
and towards the end of the experiment 'OS. Wben 
the load had been increased to 3601bs., in every 
succeeding addition of 10 fits. 1 obserrod that the 
defiexion increased hy starts of as much as -jIf^ <^ 
an inch each, which appeared to be caused by the 
ends sliding on the supports, at the moment the 
weight WB8 add^ ; the bar emitted a slight crackling 
noise, like that produced by beading a piece of tin. 
There was a small defect in the bar at the plwe where 
it brokC) which was 4 inches distant from the middle. 

'When the second specimen was unloaded, im- 
mediately, from a wei^t of 200fts. it barely re- 
turned to its natural form; but a load of ISOlbs. 
produced a permanent deflexion of '005 when it 
remained upon it fourteen hours. 

The load of 200 lbs, remained twenty-one hours 
upon the third specimen, and when it was unloaded 
the index returned to zero ; therefore this strain 
was less than would produce a permanent set. The 
set was nearly '01 when the toad was increased to 
2101bs., and remained upon it ten hours. It was a 
smoother and better casting than the other speci- 
mens. 
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Tbeie did not B^pear to be any sennble difference 
in the quali^ of the iran in these BpeGimens, except 
that the second Bpedmen was more brittle under 
the hammer than the other two. They were all 
fine gnuned, and yielded easily to the file. They 
were cast by Messrs. Braraah. 

66. I was proceeding with a trial of a piece of 
the same kind of iron, formed as described in fig. 4, 
Plate I., when it broke suddenly, at about a foot 
from the end, at an air bubble. The bubble was 
not apparent on the surface, and yet so near it, that 
a slight stroke of a hammer would have broken 
into it. Founders should be very careful to avoid 
defects of this lund ; and beams to sustain great 
weights should always be proved to a deflexion 
within their range of ehiBticity before theyare used. 

BxperimetiU 10, 11, ami 12. 

67. These trials were made on three pieces of 
uniform breadth and depth, with the Bupporta 3 feet 
apart, the load b^g applied in the middle of the 
length. The depth '9 inch, and the breadth the 
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The load of 200 lbs. remained twelve hours on 
tile first specimen, nnd when it was luiloaded the 
quantity of permanent deflexion was barely sensible ; 
and it was loaded and uUoaded again with the same 
result. 

The load of 180!bs, remained three hours on the 
second specimen ; it had not increased the deflexion, 
but when the load was removed, it was found that 
the bar had acquired a permanent set of nearly Tuutli 
of an inch. 

In the third specimen the bar returned perfectly 
to its natural form when the load was removed, after 
being upon it three hours. 

Of these specimens the third was the most brittle 
under the hammer, aad the hardest to the file ; there 
was not a sensible difference between the other two; 
both were soft iron. These spedmens were cast by 
Messrs. Bramah. 

68. The chief object in new in the experiments 
No. 2, 6, 7, 8, 9, 10, and 11, was to determine the 
strain a square inch of cast iron would bear without 
permanent alteration, and the extension correspond- 
ing to that strain. Calling / this strain in pounds, 
the raperiment 2 ^ves / = 15,3008)3.*= 6-8303 
tons, as cEdcidated in art. 143 ; and the others being 



^ Hua nombcr ia much too great ; aod tbc frequent use of it, 
m ea averBge qnai^tjr. has nfiected the conclusloiis in the two 
foUowing attidca, and other parfi of the work. See note to 
ait. 143, or "AdditMOS," art. 3. — Editob. 
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calculated by the same fonnula, in experiments 6, 
10, and 12, /=14,814; in experiments 7, 8, and 
9, /= 1 5, 160; and in experiment 11,/= 13,333 lbs. 
The greatest difference amoilnts to about ^tli of the 
liigliest value of /; but, in the experiment 2, the 
load was taken off' after remaining only about ten 
minutes on the bar ; iu the others it remained for 
several hours. Tlie former 1 consider most etrietly 
applicable to practice ; and yet it was desirable to 
show that a force acting a considerable time will 
produce a permanent set, when the same force could 
not produce it in a few minutes. 

69. In art. 212, it is calculated that the exten- 
«on produced by the strain of 15,300 fts. in experi- 
ment 2, was of the length f and by the same 
mode of calculation the extension in experiment 6 
is found to be in experiment 10, in ex- 
periment 11, and in experiment 12, 
Also, by the equation, art. 137, the extension in 
experiment 7 is found to be • in experiment 8, 
■nb' and in experiment 9, j^- 

The diSerence between the extension in the 8th 

' The extenaion in experiment 2 has been re-calcolated, und 
{□and to be the same as bcre etaled, by Frofesior Leslie, whose 
mode of calculBtion is different. See Leslie's EHemente of Natural 
Fhilosoph]', Tol. i. p. 240. Edinbmgfa, 1823. 
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and 9th experiments is the most cooBiderable ; and 
the mean between these is which differs very 
little from ■ the number used in the rules. 

70. A Table of the chief experiments that have 
been made on the absolute strength of cast iron bars 
to reust a cross strain, the bars supported at the 
end, and loaded in the middle. 











-eight tint 


RaliDDflhe 
csk'ulaled 

ins weight. 


1 

2 
7 

n 

10 

11 

12 

15 

17 

18 

19 


Unifnnn bnr 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

IB? } 

L the cupola, J 
Uniform bLir 
Ditto 
DitlQ 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 

Scmi-elllpBC 

PBrabolic 
i-UnifDrm -i 
J Btraia in the 1 
direction ofj 


S 0 

2 6 

3 0 
3 0 
3 0 

3 0 

3 0 
3 0 

a 8 

1 4 

2 8 
1 4 

1 4 

2 8 
2 8 
2 8 

2 e 


1 1 
I 1 
1 1 

1 1 

1 1 

1 1 
1 1 

1 1 

2 i 

2 i 

3 i 

3 i 

4 i 
4 i 
4 i 


756 
735 
1008 
963 
958 
994 

S64 

874 
en? 

1086 
2320 
31SS 
4508 
35S8 
6854 
8979 
4000 
3860 

SSI 


283 
340 
263 
283 
283 

283 

2S3 

318-75 
637-5 
637-5 

1275 
956 25 

1912-5 

1275 

1275 

1275 

224-5 


1:2-6 
1 : 2-96 
1:3-4 
1 : 3-38 
1:3-5 

1 : 3 05 

1 : 3-08 

1:3-17 
1:3-4 

1 : 3-42 
1 : 3-53 
1 ; 3-63 

1 :3-l2 
1:3-14 
1 : 3-03 

1 : 3-79 
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The two columns on the right-band side are 
added to show the relation between the load which 

permanently destroys a part of the elastic force, 
and that which breaks tlie piece. It will be seen 
that the load wjitch would produce ])erniancnt 
alteration, according to the formula as derived from 
my experiments, is about ^rd of that which actually 
broke the specimens ; in the worst kind tried, it is 
of the breaking weight. 

In tlie preceding Table, the experiments 1, 2, 
and 3, were made by Mr. Reynolds. No. 1 was 
twice repeated with the same result. No. 2 is a 
mean of three experiments." Hence the mean ratio 
will be about 1 : 2 7. The experiments No. 4, 5, 
C, 7, and 8, were made by Mr. Banks ; ^ the mean 
ratio being 1 : 3 3. The rest were made by Mr. 
George Rennie, and all of the bars of his experi- 
ments were cast from the cupola the mean ratio 
being 1 : 3 4. 

71. Allowing that the preceding experiments are 
sufficient to fix with considerable certainty the ut- 
most strun that ought to exist in any structure of 
cast iron, Btill there is abundant scope for new ex- 
perimental research ; and that which perhaps may 
be considered of moet importance is the ^ect pro- 
duced by combining iron of difibrent qualities. 



^ Bankt on the Power of Murine*, p. 69. * Idnn, p. 90. 
* FhilaMphiealTTaiuBctionafDr ISIS.Fart I., or FhUoiopliicid 
M>g*diie, vol. liii. p. 173. 
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Through the kindness of Mr. Francis Bramah, I 
am enabled to begin this inquiry. He has furnished 
me twelve specimens, of six diiferent kinds of iron ; 
that is, two sj)eciniens of each kind. Of these 
kinds three were lun from pig iron from different 
iron works ; one kind was run Irom old iron, usually 
termed scrap iron ; another kind a mixture of old 
iron and pig iron in equal parts, and the sixth kind 
pig iron with an alloy of ^tb. of copper. 

Before I begin to describe the experiments, it will 
be proper to infonn the reader what method I 
pursued in making th»n. I knew, from prerioos 
trials, that the force which produces a permanent 
set cannot be determined with that precision which 
IB necessary io comparing iron of different binds ; 
we can merely observe when it is, and when it is 
not sensible ; and it is most likely that it becomes 
so by gradations which we cannot trace. It was 
desirable to ascertain whether a load equivalent to 
15,300 lbs. upon a square inch would produce a set 
or not 1 and a load of 162 lbs., on tiie middle of a 
bar of the size of the specimens, causes tliat degree 
of strain : hence, in specimens of the same size, the 
flexure by this load gives the comparative power of 
the different kinds, particularly when compared 
with the quantity of set produced by this or some 
additional load. But in specimens of diSerent 
sizes, the comparison is most easily made by cal- 
culating the modulus of resilience, or resistance to 
impulsion, which g^ves the toughness or relative 
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power of the material to res-ist a blmv. Ytt, even 
then it should be tried wliat strain will produce 
permanent alteration, or that which causes fracture, 
otherwise the comparative goodness of the iron will 
not be known : I have tried both in each of the 
varieties of iron. 

For all purposes where strength is required, that 
iron is to be esteemed the best which will bear the 
greatest degree of flexure without set, and the 
greatest load. The worst and most brittle pieces 
of iron have the greatest degree of stifihess ; con- 
Bequentlf the highest modulus of elasticntyi for 
even the most £exihle kind of iron is sufficiently 
Btiff.'" 

In the iron which was taken as a good medium 
to calcnUte from, (see experiment, art. 56,) we 
found 

Thp foTC^ thnt it would bear witliout i.crm.iiitrit 

:ilti;mtiDii 15.300 Hw. 

The extetuion in pnrtn i>f the length extended . ftW 



<° I htve here folWed the prindplea of compsring toateriala 
whidi were first given in my " Elementary Principles of Car- 
pentry," art. SGR-.'i/.l. Tlie loiishncsa is measured by the mme 
data OB in that nork, nnly here a ;;cnErBl number of comparison 
is need instCBcl of milking one miilcriiJ a standard of comparison. 
The term modulus of resilience, I liavc ventured to apply to the 
nnmber which reptcBcnta the power of a material to rcsitt tm 
impaltive force: and when I sny that one material ia tougher 
than uiiillin*>'it n in consequence of finding this modulus higher 
for that wbich h described b> the toughest : see arts. 399 to 304, 
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The modnlna of elutici^ for a base 1 inch 

■quare 1 8,400,000 fbi. 

The modnlns of rodtence 12'7 

These numbers being compared with the results 
of the experiments now to be described will afford 
the means of judging both of the qualities of the 
iron expenmented upon, and of the feirness of the 
mean data I have employed. 



OLD PARK IRON. 

72. Two specimens run from tliis kind of pig 
iron, each 3 feet in lengtli, and smooth, clean, and 
regular castings, were first put in trial. The section 
of the bars rectangular; depth 0 65 inch; breadth 
1*3 inches; the BU|^rts 2-9 feet apart; and the 
load suspended from the middle. 



Wflglit ipplieil. 




EITect on 2 net Mr. 


GO 
120 
IG2 
183 
190 


bent 0- I 
„ 0-2 
„ 0'265 

„ 0'305 amsll set. 
„ 0-32 set 'OOS 


bent O-l 
„ 0-203 
„ 0-2?S 
,. 0-31 

\ perceptible. 
,. 0-33 Mt 'OOe 



The iron was slightljr malleable in a cold state ; 
yielded easily to the file. The fracture daik gray 
with a little metallic lustre ; fine ^nined and com- 
pact. 

We may conuder 162tbs. as the greatest load it 
would hear without impairing its elastic force ; and 
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0'27 is the mean between the llexares produced by 
this weight ; therefore, calculating oa these data, we 
have 



The strain it irauld bear on a tqwre inch with- 

out permanent altenitioii IS^OOlba. 

EzleiuiaD Id ICDgtb \>j tbia atnin .... yiVi 
ModnltM of elaatici^ fbr a baae of an inch 

iqtiare I7.744/)00aa. 

Modolua of ra^sDce 13*4 

Specific gravily 7'092 



i lie absolute strength to resist fracture was tried 
bv hxinq the bar at one end, the load being applied 
bv bxiivs, a scale at tlie other end, and adding 
weights till the bar broke. The second bar tried 
in this manner broke with 184 lbs., the leverage 
2 feet; fracture close to the fixed end, metai sound 
and perfect at the place of the fracture." 

Hence, calculating by equation, art. 110, the ab- 
solute cohesion of a square inch is 48,200tts.,'* or 
315 times 15,300tbs., the strain which has been 
found incapable of causing permanent set. 

Hence I infer, that this iron is superior in tough- 
ness, and less sdff than the mean quality. 



" Jbeie ara dFcnmalanm* which matt bave place, otherwiie 
the nperiment docs not ^ve a fair measare of the strength. 

" This erroneoiu conclDBion a> to the great strength of cut 
iron, into wliich Navier, as nell bb Tredgold, has fallen, arises 
principally from a Eupjioeition thnt (he neutral line remains sta- 
tionary during the flexure of the body. Sec Additions," or 
Notes to arts. 68 and 143. — Editor. 
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ADELPHI IRON. 

73. The specimens of this iron were dean good 
castings of the same dimeneions as those of Old 
Park iioB. That is, depth 0*65 inch; breadth 
1'3 inches distance between the supports 2'9 feet. 



bent 0' 1 
„ 0-205 
„ 0-37 noMt. 
„ 0-305 Kt -009 



Comparing this with the preceding experiments 
on Old Park iron, it is stifFer, and sooner acquires a 
permanent set. It is also somewhat harder to the 
file, and more brittle under the hammer. The 
colour of the fracture was a lighter gray, with less 
metaUic lustre. 

Its elasticity is not afTected by the load of 162 fba. ; 
therefore 

It wilt beiir upon a square iiicli witliout jjemmnent 



eitenBion tiVi 

Modulus of elattiraty for a bue of J a^uara inch 18,067,000 tbs. 
Modidoa of reailienM IS- 1 



The second bar, fixed at one end with a leverage 
of 2 feet, broke with 1 73 ffis. ; the fracture dose to 
the fixed end, and the place of fracture sound and 
perfect. 
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According to this experimeat, the absolute cohe- 
sion is 45,3001b8. for a equare inch, or 2'96 times 

15,300 lbs. 

A comparison of these trials shows that the 
difference between Adelphi and Old Park iron is 
not much, but that the Old Park is superior, par- 
ticularly in absolute strength ; for it required 184 9m. 
to break the one, and only 173fts. to break the 
other. 



74. There was not a sensible diiFerence between 
the size of these bars and the others. The depth 
0-65 inch ; breadth I'3 inches ; distance between the 
supports 2'9 feet. 



Weight ipplipi 



EiCta on Sud bar. 



, 0-195 

, O-aS DO let. 

, 0-325 mnnll St 



This iron differs very little from Old Park, a 
little more flexible, but verj- little. It seemed if any 
thing somewhat harder to the file, but of a less degree 
of malleability ; for instead of extending, it crumbled 
under the hammer. Fracture scarcely dialing from 
that of Adelphi iron. 

These bars bore 162Ib6. without set, and the 
mean deflexion was *275. Hence, 

The iron would bear npOD ■ iqnve indi without 

KtiDn 15,390fts. 
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EiteuBion in leagtli hj thia stnun .... T^rt 

Modulni of elsiticity for > ban of I inch iqaire 17,406,000b. 

Hoduliu of reulicDce 13*6 

Specific gravity 7'04 

The second bar, fixed at one end, broke iriUi 
ISSSbs., the leverage bdi^ 2 feet, the fracture dose 
to the fixed end, and the metal sound and perfect at 
the place of fractore. 

The absolute cohesion, according to this trial, is 
40,000tts. for a square inch, or 2'63 times the 
force of 15.300 fts. 

This is a soft Bpecies of iron, and may answer 
extremely well alone, for castings where strength 
is not required ; but it is tiie weakest iron I have 
tried, and would most likely be much improved by 
mixture. 

SCRAP IRON. 

75. These bars were run from old iron. They 
were nner^ on the surface, indicating that irre- 
gularity of shrinkage which has been noticed in the 
Introduction (page 8). The depth of the bars 0*65 
inch ; the breadth 1*3 inches ; the distaace between 
the supports 2'9 feet. 



Weigh! applied. [ Effect on lit hi 



small tet. 
. 0-34 «ef COS 



EBect on Zai bi 
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This iroD was very hard to the file, and very 
brittle, fragments &png off when hammered on the 
edge, instead of indenting, as the preceding spe<u- 
mens. 

The fracture dead or dull light gray ; no metallic 
lustre ; not very uniform ; fine grained. 

These bars showed no sign of permanent set 
with a load of 180 lbs. ; but, to whatever cause this 
greater range of elastic power may be owing, it 
certainly would be unsafe to calculate upon it in 
practice. I shall therefore consider the load of 
162 tbs., and a dexure of 0 25 inch, the data to 
calculate from ; accordingly, the 
Force of ■ Bqaars Inch without pmoanott ill- 

teratton IS.SSOItw. 

Ezteunpit m length by this atraln .... ■Wn 
ModohuoTdutieityforalMaeoflaqiureinch 19,130,000 Km. 

Modnliu of mOience . 13-4 

SpedGc gnrnty 7-919 

Fixed at one end, with a leverage of 2 feet, the 
second bar broke with 168tfoB., with one fracture at 
the fi.\cd end ; but the bar ilew into several pieces. 

Tliis givi'fi tlie absolute cohesion of a .square inch 
44,000 lbs., or nearly 2 9 times tliat strain, which 1 
consider to be the greatest cast iron should liave to 
sustain. 

From these elements we may conclude, that a 
casting of scrap iron will be ^th etiffer than one 
from Old Park iron; that it has ^th less power to 
resist a body in motion, and that it is less strong in 
the ratio of 168 to 184. 
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76. Hie castingB ran from this mizttire were 
even and clean ; Buch as indicate a perfect nnioo of 
the materials. The depth 0'65 inch ; the breadth 

1- 3 inches; and the distance between the su^orts 

2- 9 feet. 



This iron was rather hard to tlie file ; it indented 
with the hammer, but was ratlier sliort aad crum- 
bling. 

Fracture a lighter gray, and more dull than Old 
Park iron ; very compact, even, and fine grained. 

T!ie bars did not set with a load of 1820>s., 
therefore the load of 162 lbs. is sufficiently within 
the hroit ; the flexure with that load is '245, con- 
seqoentty we may state its properties as under ; 
Force on a sqaare inch thtt doea not pradocc 

pennanent ollentian 15,3!)0flM. 

Extenuon under tlus itrun ....... titt 

Modnlus of elaslldty for a baK of 1 square inch 19,514.000 Hia. 

Modnlui ofreulieiice 13'1 

Spedfio gravity 7-104 
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'When the second baT was fixed at one end, it 
broke with I741N.,actii^ with a leverage of 2 feet; 
fracture close to the fixed end. Therefore the ab- 
solute cohesion of a square inch is 45,600 Iba., or 
very nearly three times the strain of 1 5,300 ttis. 

In this mixture there is clearly too great a pro- 
portion of old iron ; it is rather inferior to the quality 
of our mean specimen (art. 50). About one of old 
iron to two of the Old Park pig iron would be a 
better proportion. It is worthy of remark, that the 
absolute strength is nearly the mean of the two 
kinds which form the mixture, and so is the specific 
gravity. 



ALLOY OF PIG IRON SIXTEEN PARTS, COPPER ONE 
PART. 

77. It has been said that iron is much improved 
by a smalt proportion of copper ; it was desirable, 
therefore, to ascertain its effect, and the advantage, 
if any, of employing it. The breadth of the speci- 
mens 1*25 iDchee; the depth '675 inch; the dis- 
tance between ttie supports 2-9 feet. The load 
which ought not to produce permanent alteration, 
about 167 lbs. 

It aiiiilloil. I T.fftcloa ]iLlha<. | EtTcct Dii Slid In 



, 0-34 set -003 
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These bars yielded freely to tlie file, but were 
short and crumbling under the liammcr. I ex- 
pected to have found them more ductile. The 
fracture dark gray, fine grained, and more compact 
than Old Park iron ; with less metallic lustre. 

The load of lG71b8. did not produce any degree 
of set, the mean flexure by this load 0'27 ; and as- 
suming this to be as great a load as it should bear 
in practice, we have, 
Forae on a tqaare inch Aiit does not prodoce 



penaanent alteration IS.SOOftE. 

EitenBioti under thii itrun T^ew 

Muduka of e1a»iicity for a Imm Of I inch iqaare 16,921,000ftt. 

Modulus of rcsillcnee IS'S 

Specific gravity 7'18 



To try the absolute strength, the second bar was 
fixed at one end, and the scale suspended from the 
other end ; weights were then added till the bar 
broke : the fracture took place close to the fixed 
end, and it required 194 fcs. to break the bar. 

Accordin;:; to this experiment, the cohesive force 
of a square incli is fiLijOOOttw., or 34 times the 
str^ that will not give permanent alteration. 

It appears that copper increases both the strength 
and extensibility of iron. 

EXPERIMENTS ON THE RESISTANCE TO TENSION. 

78. According to an experiment made by Mus- 
cheobroek, a parallelopipedon, of which the side 



94 KXFBRIHBMTS ON CAST IRON. SECT. V. 

was '17 of a Rhinland incli, broke vith 1930 9is. 
and since the Rhinland foot is 1*03 English feet, 
and the pound contains 7038 grains, this experi- 
ment gives 63,286 lbs. for the weight that would 
tear asunder a square inch, when reduced to English 
weights and measures. 

79. An experiment made by Capt. S. Brown is 
thus described: " A bar of cast iron, Welsh pig, 

inch square, 3 feet 6 inches long, required a 
strain of 11 tone 7 cwt. (25,424 lbs.) to tear it 
asunder : broke exactly transverse, without being 
reduced in any part ; quite cold when broken ; par- 
ticles fine, dark blueieh gray colour." '* 

Capt. Brown's machine for trying such experi- 
ments being constructed on the principle of a 
weigh-bridge, Mr. Barlow is of opinion it may show 
less than its real force ; it also may be remarked, 
that to obtain the real force of ccdiedon, the re- 
sultant of the straining force should ctancide exactly 
with the axis of the piece, for so small a deviation 
in this respect as ^th of the breadth would reduce 
the strength one half. 

From this experiment it appears that 16,265 lbs. 
will tear asunder a square inch of cast iron. 

80. In some experiments made by Mr. G. Rennie, 
it is obvious, from the description of the apparatus. 



» MnuhenbniEk'a Introd. ad Flul. Nat. vol. i. p. 417. 1165. 
EimyOD the StrcDethofl^ber.&cbjrMr.Btirlow, 1817, 
{I. 335. RqiriDted, with additiom, 1837. 
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that tlie strain on the section of fracture would not 
be equal ; and, therefofe, that tlic straining force 
would be less than the cohesion of tlie section. The 
specimens were (i inches long, and ^tli of an inch 
square at the section of fracture. A bar CEist hori- 
zontally required a force of 1166tb8. to tear it 
asunder. A bar cast vertically required a force of 
I2I81fas. to tear it asniider." 

P«rii|un inch. 

In the horiiontal catting the fbree was equal to ie,G66fliB. 
And in vertical casting 19,468 „ 



EXPERIMENTS ON THE REaiSTANCE TO COUPRB8SION 
IN SHORT LBNOTHS. 

81. The power of cast iron to resist compressioii 
was formerly much over-rated. Mr. 'Wilsoii esti- 
mated the power necessary to crush a cubic inch of 
cast iron at 1000 tons = 2,240,000 tbs. ; and in 
describing an experiment by Mr. William Reynolds, 
of Ketley, in Shropshire, a cube of ^th of an inch of 
cast iron, of the (juahty called gun-metal, was said 
to require 448,000 ttra, to crush it.'^ But Mr. 
Telford, for whom the experiments were made, was 
80 kind as to commmiicate the correct results of the 



Pliil. TransBctions for 1818, Part I., or PhiloaophiL-al Ma- 
gazine, vol. liii. p. IG7. 

" Edin. Encjrclo. art. Bridge, p. 644 ; or NicholsDD'B Journal, 
vol. xsxr. p. 4. 1813. 
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experiments made by Mr. Reynolds ; and it appears 
that 

Per tqmre Inch. 

A cabe of jth of an inch of soft gray aielnl was 

onudied bf 80 ewt = 143.360 ft*. 

IKtto of tbe kind of cast iron called gsn-mebd 

ma crashed by 200 cwt — 350,400flsa. 

82. Such was the state of our knowledge on this 
important subject, when Mr. G. Rennie communi- 
cated a valuable series of experimente to the Royal 
Sode^, which were published in the first part of 
th«r Transactions for 1818. 



JUr. Remi^a Eaperimenta on cube) frmn the middle ^ a 
targe black; specific sravity 7'033: 

Force per iq. in. 
{ti. fta. in tbi. 

Side of cube I was cruBhed by 1,454, highest result ^ 93,056 
Ktlo i do. 1,416, lowest ditto = T4,G24 

Ditto i do. 10,561, highegt ditto = 1G8.976 

Mtto J. do. 9,020, loWMt ditto = 144,320 

On cubes from horizontal castings, spedfic grarity 7' 113 

iB. tn. M.periq. in, 

Kde of onbe I ma cnuhed by 10.720, lughest rendt =171,520 
Ditto i do. 8,699, lowest ditto =139,184 

On cubes from vertical castings, specific gravity''' "'074 

Side of cube i was crushed by 12,665, hiftlicst result = 202,640 
Ditlu i d[j, !),844, loivtsl dillo = 157,340 



" It 19 singular that the specific graTity of the vertical castings 
should be less than that of the horizontal oaes. 
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On pie< 




of different leogths. 






Area i 




i length f- ma cnuhed by 


1,743 


= 111,552 


Ditto i 




i 1 do. 


1,439 


= 92,096 


Ditto i 




i .. i do. 


9,374 


= I49,SS4 


Ditto i 




i .. 1 do. 


6.S2I 


= 101,136 



These experiments were on too small a scale to 
allow of that precision in adjustment which theory 
BhowB to be essential in such experiments ; therefore 
there still remains much to be done by future ex- 
perimentalists. It does Dot appear, within the limits 
of these experimenta, that an increase of length had 
any sensible eiFect on the result. 

I have selected the highest and lowest results, 
and such of the single trials that were made under 
the greatest difference of length ; ia all Mr. Rennie 
made thirty-nine trials on the resistance of cast iron 
to compression." 

EXPERIMENTS ON THE RESISTANCE TO COMmESSION 
OF PIECES OF C0N3II1EKA9LK LENGTH. 

83. The only experiments of tliis kind that I 
know of were made by Mr. Reynolds, and are 
described as follows in Mr. Banks's work on the 
' Power of Machines,' p, 89. 

" Experiments on the strength of cast iron, tried 
at Ketley, in ftbrch, 1795. The di&reat bars were 



IB Fluloiophicia TVaiuactioiu for 1818, Part I., or Philo^ 
■ophical Magascine, vat. Bil. pp. 164, 16S. 
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aU cast at one time out of the Bame air Inniace, and 
the iron vae very soft, so as to cut or file eauly. 

" Exp. I. Two bars of iron, I indi square, and 
exactly 3 feet long, were placed upon an horizontal 
bar, BO as to meet in a cap at the top, from which 
WHS suspended a scale; these bars made each an 
angle of 45° with the base plate, and of consequence 
formed an angle of 90° at the top : from tliis cap 
was suspended a weight of 7 tons (15,G80ibs.), 
wTiich was left for sixteen hours, when the bars 
were a little bent, and but very little. 

" Exp. 2. Two more bars of the same length and 
thickness were placed in a similar manner, making 
an angle of 22^° with the base plate ; these bore 4 
tons (8960 fl>a.) upon the scale : a little more broke 
one of them which was observed to be a little 
crooked when first put up." 

84. By the principles of statics,'* 

Sain. 4S°:IUd. ; : 15,680*8. : 11,087 fts. 
equal the pressure in the direction of either bar in 
the first experiment. And, 

9 no. nay : Bad. : i S960BU. i I1,70SBm. 

the prosure in the direction of dther bar in the 
second experiment. 

If we consider the direction of the force to have 
been exactly in the axis in these trials, Aen, ac- 
cording to the equation, art. 288, the greatest 



>* Gregory's MMduaka, vd. L art. 48. 
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straia in the direction of one of these bars should 
not have exceeded 5840 lbs. ; but if the direction 
of the pressure was at the distance of half the depth 
from the axis, which it is very probable it would be, 
the greatest strain in actual construction should not 
have exceeded 27201ba. See art. 287. 



BXPERIMBNTS ON THS RESISTANCE TO TWISTING. 

85. Table of the principal experiments of the 
strength of cast iron to reaiBt a twisting strain. 
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Ditto. 
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Ditto. 
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Ditto. 
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Ktto. 
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IXtto. 
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1:8-34 
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IKtto. 
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1 13-03 



Hie experiment No. 1 was made by Mr. Banks." 
The others were made by Mr. Dunlop, of Glasgow. 



" " Power of Machinef." 
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No3, 4 and 7 were faulty Bpecimene.*' Some ex- 
periments on a very small scale were m&de by Mr. 
Geoi^ Rennie, but they are not inserted here, 
because flicv were not sufficiently described to 
;idmit of comiiarison." 

I am indebted to Messrs, Bramali for a descrip- 
tion of some new and interesting experimenis on 
torsion, which tliey bad made in order to ascertain 
what degree of confidence they might place in the 
theoretical and experimental deductions of writers 
on this subject. They were also desirous of know- 
ing the effect of a small portion of copper on the 
quality of cast iron. 

I have given a tabular form to the results of 
these experiments, in order that they may be more 
eafflly compared ; and I have added two columns to 
the Table, to show how these experiments agree 
with the rules of this work. 

The bars were firmly fixed at one end, in a hori- 
zontal portion, and to the other end the straining 
force was applied, aetmg with a leverage of 3 feet. 
To prevent the effect of lateral stress, the bar rested 
loosely upon a support at the end to which the 
straining force was apphed. 



^1 Dt, Thomion's AnnnlB of PhOtnophj, vol. xiii, p. 200-203. 
2> Philosophical Magazme, vol, liit. p. 168. 
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The comparison between our rule (Equation iv. 
art. 265), and the force that broke these spedmens, 
which is given in the last column, is very satis- 
factor}', and very nearly agrees with former expe- 
riments on this strain as shown in the first Table of 
this article. 

The observed, angle of torsbn is very, irregular, 
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and in all theee experiments it greatly exceeds the 
angle calculated by Equation xiv. art. 272. But it 
will be remarked, that the angle was measured after 
the strain was far beyond that degree where it is 
known that flexure increases more rapidly than the 
load ; and no allowance was made for the compres- 
sion at the fixed points. M. Duleao, in his experi- 
ments on wrought iron, (see Sect, VI. art. 1)4 of 
this Essay,) allowed for the latter source of error 
by taking, as the measure of torsion, the angle 
through which the bar returned when the weight 
was taken off and the formula applied to his 
experiments gives an error in excess, — -here it is in 
defect: I shall, therefore, not endeavour to make 
the rules agree with either set of experiments, 
becauBe I know that the flexure wiQ be too great 
in Messrs. Bramah'e experiment; and assuming 
this to be so, the rules will be nearly tme ; whereas, 
if M. Duleau's tnm out to be most correct, it will 
only cause shafts to be made a small degree stronger 
than necessary. 

KXPERIUENTS OH THE ZFFECT OF IMPULBIVB FORCE. 

86. The he^t from which a w^;ht might fell 
upon a piece of cast iron without destroying its 
elastic force was calculated by Equation v, art. 306, 
for the specimens of "9 inch square, used in the 



" EtMU «ur U lUuiluica du Fgt Vorgt, p. 49. 
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preceding experiments (art. 67). Bleated triak 
mth that faeif^t of fiill were made without pra- 
dnang a aensible effect. I then let the w^ht fall 
from double the calculated height, and every repeti- 
tioQ of the blow added about T^^h of aii inch to 
the curvature of the bar. I could not measure the 
effect of each trial very correctly, but a few trials 
rendered the bar so much curved as to he easily 
seen. I hope, at some future time, to be able to 
resume these experiments with an apparatus for 
measuring correctly the degree of permanent set.** 
See art. 313-350, where practical rules will be 
fonnd. 

TO DISTINGUISH THE PROPERTIES OF CAST IRON DY 
THE FRACTURE. 

87. I shall close this section with a few remarks 
on the aspect of cast iron recently fractured, with a 
view to distinguish its properties. 

There are two characters by which some judg- 
ment may be formed ; these are the colour and the 
lustre of the fractured sur&ce. 

The colour of cast iron is various shades of gray ; 
sometimes approaching to dull white, sometimes 
dark iron gray with specks of black gray. 

The lustre of cast iron differs in kind and in 



" This hope of the Author had not been realized when Pmo- 
^cal Sdence was nnlbrtmiBtsljr deprived, hia death, af one of 
U« mott able M^porten. — Ed. • 
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degree. It is sometimes metallic, for example, like 
minute particlea of fresh cnt lead distribated over 
the fracture ; and its degree, in this case, depends 
on the nnmber and size of the bright parts. But 
in some kinds, the luBtre seeme to be given by 
&cetB of crystals disposed in rays. I will call this 
lustre, crystalline. 

In very tough iron the colour of the fracture is 
uniform dark iron gray, the texture fibrous, with 
an abundance of metallic lustre. If the colour be 
the same, but witb less lustre, the iron will be soft 
but more crumbling, and break with leas force. If 
the sur&ce be without lustre, and the colour dark 
and mottled, the iron will be found the weakest of 
the soft kinds of iron. 

Again, if the colour be of a lighter gray with 
abundance of metallic lustre, the iron will be hard 
and tenadous ; such iron is always very stiff. But 
if there be little metallic lustre with a lig^t colourj 
the iron wiQ be bard and biitttei it is very much 
so when the fracture is dull wlute; but in the 
extreme degrees of hardness, the surfiice of the 
fracture is grayish white and radiated with a crys- 
talline lustre. 

There may be some exceptions to these maxuns, 
but I hope they will nevertheless be of greftt nee to 
those engaged in a buaness which is every day be- 
coming more important. 



SECTION VI. 



EXFBRIHENTS ON MALLEABLB IBON AND OTHER 

BXFBRIH8NT8 ON THH BSBIBTANCB OF UALLBABLB 
IBON TO FLBXUU. 

88, There have been a greater number of experi- 
ments made on malleable iron than on any other 
metal ; but those on the lateral strength are chiefly 
by foreign experimentalifits. From those of Duleau 
I shall select a few for the purpose of comparison ; 
but in the hrst place I propose to describe some of 
my own trials. 

The following experiments were made on bars of 
English and of Swedish iron; the bars were sup- 
ported at the ends, and the weight applied in the 
middle between Uie supports ; the lei^^li of each 
bar was exactly 6 feet, and the distance between the 
supports 66^ inches. 
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EnglUk Iron. 





Weighl 




Ih 


Wright ofmo- 
duluiofeluti- 


Kind oflwuid 
dimfiuiiins. 


feet in 
ienph. 








of 1 iq. inch. 


Bar li inch aquare 
Biur li 
Bu 1 

Round bar 1^ in. dia. 
Round bar 1 „ 


33 
S3 

ao 

34 
17 


■0625 

■125 

•16 

•12S 

•25 


■1 
-25 
■33 
•29 
•5 


■1875 
■375 
■6 

•875 
■8 


27.240,000 
20.630,000 
34,990,000 
33,154,000 
36,500.000 






eiglit of nmdnlni 34,948,800 fta. 



Swediih Iron. 



Klndarbwind 
dimeniloni. 






Weight ofmn. 
lulutofduli. 


lengil.. 








cilrforibiu 
of 1 «i. inch. 


Bar 1'2 inch square 
Bar H 
Bu- 1 


32 
27 
33 


Incli. 
■0625 
-08 
■125 


■125 
■161 
■25 


■19 
■25 
■375 


32,000,000 
81.245.000 
33,328,000 




Memn 




modolij 


1* 32,191^0 flu. 



The bars of Swedish iron varied in dimeoBiom 
considerably ; the dimenucm in the fiist column was 
taken at the point of greatest strun in each bar. Hie 
apparently superior stiffiiess of the Swedish iron is 
partly to be attributed to this cause ; but it is in a 
greater degree owing to the mode of manufacture, 
which gives more density as well as elastic force 
to the iron. If the English iron had been formed 
under the hammer, in the same manner, it would 
have been perhaps equally dense and strong, and as 
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fit for the nicer purposes of stnitbs' worit as the 
Swedish. All these Bpedmaia were tried in the 
same state as the ban are smt from the iron works ; 
the trials were made in July, 1814. 

89. The objects of my next experiments on 
malleable iron were, to determine the force that 
would produce permanent alteration ; the effect of 
heating iron so as to give it uniform density ; and 
the effect of temperature on its cohesive power. 
For this purpose, Mr. Barrow, of East Street, se- 
lected for me a bar of what he esteemed good iron, 
bearing the mark Penydarra. A piece 38 inches 
long, weighing 10*4 lbs., was cut off this barj its 
section did not sensibly difier irom 1 inch square. 
With the supports 3 feet apart, and the wei|^t 
applied in the middle, the ibDomng reeidts were 
obtuned. 



•nertha buhidlH 



In both states it bore the weight of 330 lbs. with- 
out Bensible effect, though it was let down upon it, 
and relieved several times; but in either state an 
addition of 20B&S. rendered the set perceptible; in 
the softened bar it appeared to be sensible when 
only lOSks. had been added. 
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Hence, by art, 1 10 we have the force that could be 
resisted; without pennaneut alteration 1 7,820 Iba. 
per square inch; by art. 121 the extenEion, in the 
softened state, is of "ts length ; and by art. 105 
the modulus of elasticity is 24,920,000 lbs. for a 
base of an inch square. The modulus before being 
softened is 29,500,000 lbs. 

90. To try the effect of heat in decreasing the 
cohesion of malleable iron, I heated it to 212° of 
Fahrenheit, having previously got the machine 
ready, so that a weight of 300 lbs. could he in- 
stantly let down upon the bar as soon as it was 
put in, and the index adjusted to one of the divi- 
sions of the scale. These operations having been 
efiected in a close and warm room, with as little 
loss of heat as poesible, the window was thrown 
open, and the effect of cooling observed. The 
deflexioii decreased as the bar cooled, but it was 
allowed to lemaiD neariy two hours, in order to be 
perfectly cooled down to the temperature of the 
room, or 60°. Each divisicKi on the scale of the 
index is y^tb of an inch, and as nearly .as I could 
determine, with the assistance of a magnifier, the 
deflexion had decreased three-fourths of one of the 
divisions ; and it returned throngh fourteen divi- 
sions when the load was removed ; therefore we 
may conclude, that by an elevation of temperature 
equal to 212—60=152 degrees, iron loses about a 
20th part of its cohesive force, or a 3040th part for 
each degree. 
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91. The most part of the experiments of M. 
Duleau were made with malleable iron of Perigord ; 
some of tlie specimens were hammered to make 
them regular, others were put in trial in the slate 
they are sent from the iron works ; the former are 
distinguished from the latter by an k added to the 
number of the experiment ; and these numbers are 
the same as in M. Duleau's work. The experiments 
are divided into two classes : in the first the elas- 
ticity was observed to be impaired by the action of 
the load ; in the second it was not. Tlie specimens 
were supported at the ends, and the load suspended 
from the middle of the length. The dimensiona of 
the pieces are in the originiil nwasuies, as well as 
the weights ; but the dedacdoDB are ia our own 
measures and weights. All the experiments I have 
selected are on Perigord iron. 



2000- 
3000- 
3000- 



■0009 ;a 
■ooogoe 

■000441 

■000902 
■OOOS72 
-00U67 



' Taken from his Essu Thforique e 
itMice da Fer Forgj. 4ta. Mb, II 
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The last column shows the exteogion of an unit 
of length by the strain as calculated by M. Dulcau ; 
my formula, art. 121, gives the same results. The 
extension that malleable iron wiU bear without per- 
manent alteration is r4-oT)='(W0714, according to 
my experiment ; but in M. Duleau's experiment, 
No. 36', the extension of '000441 produced a per- 
manent set, while in No. 29' the extension was 
■001167 without producing a set: this is a con- 
siderable irregularity, but such as may be expected 
in experiments on such long heavy specimens of 
small depth. lu all such experiments, the effect of 
the wdght of the piece should be ohserred. It is 
also essential that the points of support should be 
perfectly solid and finn, or that the flexon should 
be measured from a point, of whidi the position is 
invariable in respect to tbe points of support. 

niemeaaweightofthe modulus of dastidtjr, as de- 
termined 1^ the above experimoits, is 28,000,000 fts. 
for a base of I indi square. Exp«iment No. 22 
gives the highest, bung 31,864,OO0IbB. ; and No. 
17, the lowest, fadng 22,974,000 lbs. ; therefbi« it 
appears that the elastic force of Perigord iron is not 
greatly different from £kigliab iron. 

M. Duleau concludes that a bar ctf malleable iron 
may be safely strained till the extension at the point 
of greatest strain is equal to j^Vs of 'ts original 
length without losing its elasticity ; and that the 
load upon a square inch which produces this exten- 
sion is 8540 lbs. In many of his own experiments 
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the extension fras three times this without pennaiient 
loss of elasticity. 

It has heen my object to fix the limit whidi wilt 
produce permanent alteration of elasticity in a good 
material ; to say, that beyond this strain you must 
not go, but approach it as nearly as your own 
judgment shall direct, when you are certain tliat 
you have assigned tlie greatest possible load it will 
be exposed to. Where a great strain is to be sus- 
tained, a good material is most suitable and most 
economical ; to a defective material no rules what- 
ever will apply ; for who can measure the effect of a 
flaw in malleable iron, an air bubble in cast iron, a 
vent in a stone, or of knots and rottenness in 
timber ? But the presence of most of these defects 
can be ascertained by inspection of the material 
itself; and since the greatest strain is at the sur&ce 
of a beam or bar, the defects which impair the 
strengtli in the g^teimt dcgrw are always moat 
apparent. 

Ezpemnents on the fleztue of malleable iron have 
also been made by Boodelet,* Aubiy, and Narier,* 
which accord with the theoretical prinq^des de- 
Tdqped in this Essay. 



> TtdU do VAxt da Bttir. toaui ir. p. &09 and S14. 4tD. 
1S14. 

* Gtnther'a CaoMrwtwn dw Fmti, tana H. p. Ifil, 4ta. 
1B13. 
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BXPKRIHKNT9 ON THB RESISTANCE TO TENSION. 

92. The experiments on the absolute resistance 
of malleable iron to tension are very numerous : in 
many experiments it has been found above 80,000 lbs. 
per square inch, and in very few under 50,000 lbs., 
indeed in none where the iron was not defective. 
About 60,000 lbs. seems to be the average force of 
good iron ; and according to this estimate, the force 
that would produce permanent alteration is to that 
which would pull a bar asunder as 17,800 : 60,000, 
or nearly as 1 : 3'37. Hence we see, that on what- 
ever prindple it was that Emerson^ concluded a 
material should not be put to bear more than a 
third or a fourth of the wdght that would break it, 
the maxim is agreeable with the laws of resistance. 

JBi^erimentE on the absolute strra^th of malleable 
iron have beoi made by MnscheDbroSk,* Boffon,* 
Emerson,' Ferronet," Sou£3ot,* Sickingen,*** Ron- 
delet," Telford," Brown," and Bennie." Those 

4 Mechuiics, 4to edit. p. 116. 1758. 

' Introd. ad Pbil. Nat. i. p. 436. 4to. 1 762. 

* Ganthey's CoiutntDtioii de« Ponts, ii. pp. IS3, 164. 
'MeoliHuc*,p. 116. 4toedit. 1758. 

* Gmthejr*) Crautraetion del FOnU, u. pp. 1S3, 194, 

» Rondelet'a L"Art de BStir. iv. pp. 499, 500. 4to. 1814, 

Annales do Chimie, hit. p, 9, 
'I Bonilelcl's L'Art de Bfltir, iv, pp. 499, 500. 4tO. 1814. 
" tiatlow^E Eetay on Strength of Timber, &c. pp. 321-337. 
1817. Reprinted, 1837. « IWd. 
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by Messrs. Telford and Brown were made on the 
largest scale ; and arc minutely described in Pro- 
fessor Barlow's Essay, to which I must refer the 
reader. 

EXPERIMENTS DM THE RB8IBTANCB TO COMPaBSSION. 

93. Very few experiments have been made on 
this species of resistance, and from some circum- 
stances in such experiments requiring attention 
which the authors of them do not appear to have 
been aware <tf, we can make no use of them in 
illustrating our theoretical piindples, unless it be to 
show that when we condder the direction of the 
force to neaiiy cmndde with one of the snrfeces of 
the bar, we shall always be calcolatiiig on safe data ; 
and from the nature of practical cases in geno^l, 
we can scarcely think of employing a less excess of 
force than is given by this rule. 

On pieces of considerable length experiments 
have been made by Navier, Rondelet, and Duleau; 
and the force necessary to crush short specimens 
lias also been ascertained by Rondelet. 

Rondelet employed cubical specimens, the sides 
of the cubes varying from 6 to 10^ and 12 lines; 
and cylinders of G, 8, and 12 lines in diameter, the 
height being the same as the diameter in each cy- 
hnder. The mean resistance of the cubes was 
equivalent to 512 livres on a square line; the mean 
resistance of the cylinders 515 livres per square line : 
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512 Utkb oa a sqnsre line is 70,0001bs. on a 
square inch in our weights and measures. The 
force necessary to crush the apecimens was in pro- 
portion to the area ; when tlie area was increased 
four times, this ratio did not differ from the result 
of the experiment so mucli as a fiftieth part.'* 

He observed in experiments on bars of diifererit 
lengths, that when the height exceeded three times 
the diameter, the iron yielded by bending in the 
manner of a long column. Rondelet'a experiments 
on longer specimeos are not sufficiently detailed. '° 

Navier's experiments were made on long bars, 
and show the force that broke them ; whether the 
flexure was sudden or gradual is not stated." 

A bar of any material, in which the Htress is very 
accurately adjusted in the directum of the axis, will 
bear a considerable load without apparent flexure, 
but ihe load is in unstable equilibiiimi, so much so 
indeed, that in a bar where the least '^■t"""''"'* of 
the section is email in respect to the length, tibe 



" There does not appear to lie na abrapt change io the 
crushing of wrought iron to enable an experimenter to draw my 
•nry deflmte oddoIuIohi of thk kind. AoMtding to my Aaer- 
mtkmt, wKn^ht iron beaomei iliglitlr flattoml at •hortaned 

with from 9 to 10 tons per >qDars indi ; with double that wti^t 

it is pcrmBDcnlly reduced in length about j>), and with three 
limca thatweiglit nliout iVth of its length. (PhilosOpMealT^tM. 
actions, Port il., 1840, p. 422.)— Eutor. 

Traiti de I'Art de Bitir, iv. pp. S3), 532. 

" G«ntluo''s CoMtmctiai det Poate, ii. p. 198. 
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alig^eat latwal force noald cause the bar to bend 
Bnddenty and break under the load. In such a case, 
it is not 60 much owing to the magnitude of the 
force that fracture is produced, as the momentum 
it acquires before the bar attains that degree of 
flexure which is necessary to oppose it. The reader 
will find this view of the subject to he agreeable to 
experience, particularly in flexible materials ; in 
hct, I do not think any one can be aware of the 
danger of over-loading a column who has never 
observed an experiment of this kind. 

M. Dnleau found that a bar of malleable iron 
irS feet long, uid 1*21 inches square (31 nuUim^ 
tree), doubled und^alo8d(tf4400S)s. (2000 kilo- 
grammes). Another spedmen about 11'8 feet long, 
the breadth 2-38 inches, and the depth 0 8 inch, 
doubled under a load of 2640 Sie. : this piece did 
not become sensibly bent before it doubled. In 
the last experiment, our rule (Eqaa, xv. art. 288,] 
g^vee 876 lbs. as the greatest load the bar oi^t to 
Bost^ in practice ; which is about one-tlurd of the 
wdght that doubled the piece; a similar result 
obtains in other cases. 

SXPBRIHU4T8 ON THZ BBSISTANOB TO TORSIOM. 

94. Mr. Bennie made some experiments on the 
re«8tance of malleable iron to torsion. The wdght 

Emm Thteriqne et BxpfirimnUal m Ik lUdMaoce da Ta 
Torg6, p. S6>87. 
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acted with a lever of 2 feet, and the speamena vere 
jth of an inch square ; the etrain naa applied dose 
to the fixed end : 

D*. «. 

En^iili iroa, wranght, WM wrenched aiunder by 10 2 
Snadiili iron, uroo^t, by 9 8 ■* 

If ve could snppoee the pieces bo fitted that the 
distance between the centres of action, of the force, 
and the fixing apparatus, was equal to the diameter 
of the Bpecimen i then our formula gives TSlSlbs. 
as the force that such a bar would resist without 
permanent change: this is only about ith of the 
force that produced fracture. A like irregularity 
occurs in his expcrimunts on tlie torsion of cast 
iron, which may very likely be in consequence of 
the strain not being applied exactly as I have sup- 
posed it to be. 

The experiments on the resistance of malleable 
iron to torsion made by M. Duleau were all di- 
rected to determining its stiffness. The bars were 
fixed at one end in a horizontal position, and the 
force was applied to a wheel or large pulley fixed 
on the other end. In order to prevent lateral strain, 
the end to which the wheel was fixed reposed freely 
upon a support. It was found that the bars yidded 
a Uttle at the Sxei points ; the permanent alteration 
produced by this yielding was aOowed for by de- 
ducting the ai^le of set from the an^ observed.^ 



1* FhiloMpliicnl Magszine, vd. lUi. p. 168. 
2mi «ur 1b IUai»tauee dn Fer Forg^, p. 50-53. 
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4n|k of tor 




Hunt dC Uu ipWLinBii. 


















EUrandiron.Engliah.l 

BS from the iron J" 
works; hot short. J 


UUIimAra, 
(7^9^.) 


«^«™. 

(■78 In.) 






^"goX rfr'oiTVhel 
iron works. J 


2890 
(9-5 ft.) 


23'03 
(91 in.) 




7 


SquareirDn,Engli!h,l 
marked C 2, hot > 


(13-5ft.) 


20x20 
(■79 ii.,) 




10 


Square iron, Peri-1 
gord, as from the > 


2520 
(8-3 ft.) 


20-35 X 20-35 
(■8 iD.) 


3-oa 


5-8 


Flat iron, Eng^iBh. ^ 


S910 

(9-eft.) 


(l-a-2x-337in.) 


11-4 


13-9 



The last column shows the angle calculated by 
the formula, (Equa. xiii. and xiv. art. 272). There 
is a couBidemble error in excess according to these 
experimente ; see art. 85. 



EXPERIMENTS ON VARIOUS METALS. 

EXPERIMENTS ON STEEL. 

95. The modulus of elasticity of steel was first 
determiued by Dr. Young from the vibration of a 
taning-fbrk ; the hei^t of the moduluB found by 
this method was 8,530,000 feet -.^ hence &e wdght 



" LeotDTca on Natonl PhHcwophy, toI. ii. p. 86. 
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of the modulus for a base of an inch sqoare mil be 
29,000.000 Oia. 

M. Duleau has made some ei^ierimentB on the 
flexure of Bteel bars when loaded in tlw middle and 
supported at the ends; in all he has described 
hrelre experiments;^ from these I will take four 
at random. 



























Eogjidi cut steel ,~| 
marited Hdnts- 
MAN, perfeclly re- 
gular, unterapered, 
but brittle. J 


980 


13'3 


5-9 


32-05 


34,000,000 


Gennan steel (of ce— , 
meiitation),niarked j 
FoRTBH&N, and 3 | 
deer heads, used f 
for nMr«, dimen.J 


GSO 


14-5 


7'8 


8 


so.sca.ooo 


Same Und of itee]. 


1846 


28-S 


91'9 


3-e 


39,000.000 


Ditto. 


13S0 


63 


26-6 


0-5 


17,680,000 




Mem 


fcirGar 




«193;t81,O00fEn. 



BXFBKIMENTS ON OUN-METAL. 

96. A cast bar of the alloy of copper and tin, 
comnLonly called gun-metal, of the specific gravity 
8'152, was filed true and regular; its depth was 0-5 
inch, and its breadth 0'7 inch; it was supported 



" EtMi Bor W E^nttuce da Fer Torgi, p. 38. 
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at the ends, the dietance between the supports bang 
12 inches; and the scale was suspended from the 
middle. 

1 9 9sa. bent the bar O'Ol inch. 



5G 0-03 ., 

78 0 04 .. 

{Tliis losd WEIB nused from tbt 
bur fevciul times, but wnna- 
nent set nna not Benmble. 

{Every time tba bar wu re- 
lieved of diii load, a Mt tf 
aboBt 'O05 WM obaerved. 

20O 0-17 ,. 

930 0-34 „ 



/ d^iped thiDBgh between the tnpportg, bent nesitf 
\ 3 incbeB, but not broken. 

We may therefore consider 100 lbs. as the utmost 
that the bar would support without permanent alte- 
ration, which is equivalent to a strain of 10,285 lbs. 
upon a square inch; and an extension of ^:^th 
part of its length (see art. 110 and 121). Ab- 
solute cohesion greater than 34,000 fbs. for a square 
inch. 

Calculating from this e^etimeid:, we find the 
weight of the modulus of elastidty for a base 1 
inch square, 9,873,0009>s. ; and the spedfic granty 
of gun-metal is 8*152 ; therefore the hdgbt of the 
modulus in feet is 2,790,000 feet. 

The deflexion increases much more rapidly than 
in proportion to the weight, as soon as the strain 
exceeds the elastic force ; a wdght of 200 fiis. more 



EXPERIMENTS ON 



than b%bled the defl^on produced by 100, instead 
of only doabling it. 



BXPEHIMENTS ON BRASS. 

97. Dr. Young made some experiments on brass, 
trom which he calculated the height of the modulus 
of elasticity of brass plate to be 4,940,000 feet, or 
18,000,000 fts. for its w^t to a base of 1 square 
inch. For wire of inferior brass he found the hdght 
to be 4,700,000 feet.'^ 

As cast brass had not been submitted to experi- 
ment, I procured a cast bar of good brass, and made 
the following e^>eriment : 

The bar was filed true and regular ; its depth was 
0*45 inch, and breadth 0*7 inch. The distance 
between the supports 12 inches, and Uie scale sus- 
pended from the middle, 

12 !hs. bent the bnr 0 01 incli. 

23 002 

38 0-03 

63 0-04 



6S 0-05 „ TeUned,tlieMtwu-OI. 

110 0-18 

tGS /TliFP^ betweea die mppotta, 'beat mora tluui 9 

\ nK&eOi Irat iiot bioko. 

Hence 52 Tba. seeniB to be about the limit which 
could not be much exceeded without permanent 
change of stracture. It is equivalent to a strain of 



" Natural RiaoBophy, vol. ii. p. 86. 
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6700 fi>B. upon 8 equare inch, and the corresponding 
extension is of ite length, (eee art. 110 and 
121). Absolute cohesion greater than 21,0001bB. 
per square inch. The modulus of elastidty according 
to this experiment is 8,930,000 lbs. for a base of an 
inch square. The spedfic gravity of the brass is 
8-37, whence we have 2,460,000 feet for the hdght 
of the modulus. 



SECTION VII. 



OF THE STItENGTH AND DEFLEXION OF CAST IRON 
WHEN IT RESISTS PRESSURE OR WEIGHT. 

98. The doctrine of the Strength of Materials, as 
given in this Work, rests upon three first principles, 
and these are abundantly proved by experience. 

Hie first is, that the strength of a bar or rod 
to reust a ^ven strain, when drawn in the 
direction of its length, is directly proportional 
to the area of its cross section; while its 
elastic power remains periect, and the direc- 
tion of the force coincides with the axis. 

99. The Second is, that the extension of a bar 
or rod by a force acting in the direcUon of 
its length, is directly proportional to the 
straining foree, when the area of the section 
is the same ; whUe the strain does not exceed 
the elastic power.' 



. ' Hue limit iboald be cercfully attended to, for aa Bocm u the 
atrun ezoaedt the elutic power, the daetilit; of the material 
becomca Mntible. The degrees of ductility are cxtreuidy variable 
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100. The lUrd is, that while the force is -within 
the elastic power of the material, hodies 
reaist extension and compression with equal 
forces. 

101. It is fiirther supposed that every part of the 
same piece of the material is of the same quahty, 
and that there are no defects in it. If there be any 
material defect in a piece of cast iron, it may often 
be discovered, either hy inspection, or by the sound 
the piece emits when struck ; except it he air- 
bubbles, which cannot be known by these means. 

The manner of examining the quaUty of a piece 
of cast iroD baa been given in the Introduction, 
p. 7 ; and such as will bear the test of hammering 
with the same apparent degree of malleability, will 
be found sufficiently near of the same strength and 
extensibility for any practical deductions to be 
correct. 

The truth of these premises beu% admitted, every 
mle that is herdn grounded upon 0am may be 
ctuisidered as firmly established as the properties 
of geomdxical figntes. 

102. A &ee weight or mass of matter is always to 
be oonsidered to act in the direction of a vertical 
line passiiig through ite centre of gravity ; and its 
irtiole eflbct as if collected at the point where this 



in diffBrcnt bodiw. and even in difierent stKtea of the snme body. 
A fltud poweMM tMi property in the greateat degree, for erory 
change in the iditire poution of itt parti ia pennancnt. 
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vertical line intersects the beam or the pillar, which 
is to support it. But if the weight or mass of 
matter be partially sustained, independently of the 
beam or pillar, in any manner, then the direction 
and intensitf of the force must be found that would 
sustain the mBBs in equilibrium,^ and this will be 
the directicm and intensity of the pressure on the 
beam or pillar. 

103. Let / denote the weight in pounds which 
would be borne by a rod of iron, or other matter, 
of an inch sijuare, wlien the strain is as great as it 
will bear witliout destroying a part of its elastic 
force.^ Also, let W be any other weight to be sup- 
ported, and 6 = the breadth and ( = the thickness 
of the piece to support it, in inches. Then, by our 
first prindplea, art. 98, we have 



/: W: t 1 :S( 




C) 



- niat is, the area should be directly as weight to 
be supported, and inversiely as the force which 
would impair the elastic power of the material. 



' The method of Gndm^ this force and its direcdan is ex- 
plained in my Hementarj' Principles of Carpentry, art. 24-29. 

-'' " A permanent alteration of form," Dr. Young has rcmirked, 
" limits the strength of materials vfith regard to pmcticad pur- 
poses, jJraost as much hb fracture, since in general the force 
nhich is eupabli; of producing this effect is sufficient, with a 
sroall addition, to increase it till fracture taltes place." Natural 
Fhiloaophj, toL i. p. 141. 
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104. If e be the quantity a bar of iron, or other 
matter, an inch square, and a foot in length, would 
he extended by the force /; and / be any other 
length IB feet; then 

1 A.tal< = ^ = 

the eztenaion in the length I. (ii.) 

For, vhea the force is the same, the exteneion is 
obviously proportional to the length. 

And, since by our principle, art, 99, the exten- 
sion is as the force ; we have / : W : : e : extension 
produced by the weight W = and we obtain 
from Equation ii. ~j~ = A . (iii.) 

In which A is the extension that would be pro- 
duced in the length /, by the weight W. 

105. Where a comparison of elastic forces is to 
be made, it is sometimes convenient to have a single 
measure which is called the modulus of elasticity.* 
It is found by this analogy : as the length of a sub- 
stance is to the diminution of its length, so is the 
modulus of elasticity to the force producing that 
diminution. Or, denoting the weight of the moda- 
lus in lbs. for a base of an inch square by m. 



And if p be the weight of a bar of the substance 



* The term waa first used hy Dr. Yoang. Leutures on Nat. 
FUL vol. ii. art. 319. 
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1 foot in length, and 1 inch square ; then if M be 
the height of the modulus of elastioity in fleet/ 

— = M. (v.) 

p. < ' 

106. Let the rectangular beam A A', fig, 14, be 
supported upon a fulcrum D, in equilibrio, and for 
the present considering the beam to be acted upon 
by no other forces than the weights W, W ; which 
are supposed to have prodnced their full effect in 
deflecting the beam, and the vertical section at BD 
to be divided into equal, and very thin fihunents, as 
shown in fig. 15. 

Consider B, fig. 14, to be the situation of one of 
the email filunents in the upper part of the beam, 
and ai^ a tangent to the curvature of the filament B, 
at the pomt B. Now, it is dearly a necessary con- 
sequence of equilibrium that the forces ten^ng to 
s^arate the filament at B should he equal, and in 
the direction the tangent a d; and the strain is 
obvionsly a tenule one. 

But ance FA is the diretlion of the wei^t, we 
have, by the principles of statics, 
B a ; A a : : S (=the resiBtance of the filament B) : 
= its efilect in snstwning the weight W. 

These forces, we know both from reasoning and 
experience, will compress the lower part of the 



^ By tluE and tbe preceding equation, were calculated the 
height and weight of the modalni of elaatidtj of the diAereat 
bodies m the Alphabetioal Table. 
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beam ; and let D be a compressed filament, of tbe 
same area as tbe filament B, and in tbe same posi- 
tion, and at the same distance from tbe mider sur- 
fiiCG as the filament B is in respect to the upper 
snrfoce. Also, let e o' be a tangent to the filament 
at D, and parallel to a a' ; and representing one of 
the equal and opposite strains on the filament D by 
« D ; we have, e D : e A : : S' (the resistance to 
compreseion of D) : - ^'^ = the effect of the fila- 
ment D in gustaining the weight W. 

The efiect tii both the filaments, B D, in sup- 
porting tbe wdght will therefore be, 

"IT" "^"TS"' 
or aince Ba=eD, and as portions of the same mat- 
ter of equal area resist extension or compression 
with equal foreea (art. 100) S = S'; therefore,^ 
X (A a + e A] = the effect of the filaments D 
aiidB.o But 

Ab + >A = BD. 



* Bat idiett tiie ttrain exceeds the eh»tk Giree of a bodj, the 
reaiBtaDce to compnanon exceeda the redabuoe to tcnmon ; con- 
seqneQtfy, &t eSect of tlieSlamenta Bntttlie 
Aa.S + «A.S' 

Now the diAicnce between S »nd wQl be coiutaiitlj increaabg 
tOl fractote takei [dace, the area of the oompreued part bang 
conitantfy ineraanog, and that of the citeoded part dimiBidung. 
The varia^u will dqnod on the doetilitr of ^ material, bat it 
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the vertical distance between the filaments.' Con- 

-^^= this effect in supporting the weight W. (vi.) 

107. As one side of the beam sufiers extenaon, 
and the other nde compresfflon, there will be a 
filament at some point of the depth, which will 
□either be extended nor compressed ; the mtuatioo 
of this filament may be called die neutral axis, or 
axis of motion. 

The extenfflon or compression of a filament will 
obviously be as its distance finm the neutral axis ; 
and when the neutral axis divides the section into 
two equal and similar parts, its place will be at the 
middle of the depth. 

And since the effect of two equal filaments is as 
the distance between them, the effect of either will 
be as its distance from the neutral axis ; for the 
filaments being eejual, anel the strain on them equal, 
the axis will be at the middle of the distance be- 
tween them ; and the effect of both being measured 



nude for the piupoac ; and foitnnatel; it is nn inquirf not 
required in the practical application oT theory- 

' Wlwn the flexnie becomes eonuderabb, flie carre it flat- 
tened in conieqaence of the forces compregBing tbe beam, and 

A a + e A will exceed the vertical distance between the Gla- 
mcnta; nnd the point of greatest flrnin will bo found to oliang^e 
to tlic phiW wlitre the lint A B intersects tlie filament. Tills 
change of the point of greatest strain is very apparent in ex- 
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by the wliole iepth, that of one of them will be 
measured by half the depth. Therefore the effect 
of a filament a 

S.BD _ S.Brf 

a (fl a) ~ Bo" *™'' 

108. When a beam is sustained in any position,' 
not greatly differiog from a horizontal one, by a 
fiilcrum, as in fig. 14, the power of a fibre or fila- 
ment to support a weight at A or A' is directly as 
its force, its area, and the square of its distance 
from the neutral axis ; and Inversely as the distance, 
FB, of the straining force from the point of sup- 
port. 

For the strain being as the extension, and the 
extension of any filament being directly as the dis- 
tance of that filament from the axis of motion, 
therefore, the force of a filament is as its distance 
from the axis of motion. But it has been shown 
(art. 103,) tiiat the force is also as the area ; and 
the power in sustaining a weight has been shown 
(art. 107) to be directly as the vertical distance 
from the neutral axis, and inversely as the length 
Ba, tht^ is, as and, since the triangles FBa, 
B df, are shoilar, 

^ = Z1. therefore 
Bo FB' 



^ It does Dot Beniiblj' differ from the correct hiw ut resiatsDce 
till the beam be to much inclined u to elide on its tnpporl ; bnt 
the gcnenl inrwtigvtion will be Amnd in ut. 376. 
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(/J)' X the force of filameat x by itg area ^i^^ ^^.^j^^ 

109. Let (2 be the depth, divided into filaments, 
each equal to x the mth part of ^; also put FB 
= I, the breadth of the beam = 6, and / the weight 
that a fibre of a given magnitude would bear whea 
drawn in the direction of its length, without de- 
stroying its elastic force. 

Now, if we calculate the mean strain upon each 
filament by Equation viii. art. 108, we obtmn the 
following progression, and its sum is the weight tlie 
beam will support.^ 



, 1 10. If the beam be rectaogul&r, the value of 

fb if 

w-TT- <'■' 
Therefore the lateral strength of a rectangular 

beam is directly as its breadth, and the square of 

its depth, and inversely as its length. 

And when the beam is square, its lateral strength 

is as the cube of its side. 
HI. If a plate be fixed along one of its ades 

AB, and the load be applied at the angle C ; then, 

* The first term of tlie progreuion is equivalent (□ the quantity 
called B fluzioii, and is oEiially written thus, ^/^f .— .. The rame 
remiffk appliei to the other pragreidona. 
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r than BC, the plate 



if the distance A B be greater than B C, the plate 
will break ia the directiini of 
some line E B. To find this 
Iine,putFC=2, the leverage, 
and E B = fr, the breadth ; 
also t = the tangent of the 
an^ £ B C. Then, by simi- 
lar triangles, 

^T + 7"=:BC = / = ^|^, 

and 

l;v'l+i*!:BC;i = BCx V'TT?; 

therefore 

But this equation is a minimum when * = 1 ; that 
is, whea the angle EEC is 45 degrees; conse- 
quently 



(.!.) 



112. If the beam be rectangular, and the strain be 
in a perpendicular direction to one of its diagonals 
A C, making that diagonal = 6, and the depth E F 
= a, the progression becomes (because the breadth 
is successively 

a-3x, a- Ax. &c) 
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x{«<i+a»+ ^) -2*(H-2'+...:^).} 

If the beam be aquaie, the diiectioo of the strain^ 
ing force coinddes with the vertical dia|;oiial, and 
in that case 

But the diagonal of a square beam is equal to its 
side multiplied by v' 2 ; hence, if d be the side, we 



6»^~ 

Consequently the strength of r square beam, whrai 
the force is parallel to its side, is to the strei^th of 
the same beam when the force is in the direction of 
its diagonal as 

or aa 10 is to 7 nearly. 

1 13. If the beam be a cylinder, and r the radius, 
then b is successively 

2 ■/r'-x'. 2 Vr* -(2 j)'. &e.. 
[ + V Vf^-(2*)' + Sc. } = W ; 



If d be the diameter, then 
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The lateral strength of a cylinder Is directly as 
the cube of its diameter, and inversely as the length. 

The strength of a square beam is to that of an 
inscribed cylinder as 

S : 6 X -7854. that is, u 1 : -589, or as 1'7 : I. 

114. If the section of the beam be an ellipse, 
when the atraia is in the direcdon of the conjugate 
axis, we have by the same process 

where f is the setni-traiUTerse, and g the senii-con- 
jngate axis. 

115. If the beam be a hollow cylinder or tube, 
and r be the exterior radius, nr being that of the 
hollow part, then by the Bsme process '** we find 

The radius of a solid cylinder that will contain 
the game quuntity of matter as the tube, is easily 
found by geometrical construction in this manner : 
make B D perpendicular to B C ; then C D being 
the radius of t!ie tube, and B C tliat of the holbw 
part, BD will be the radius of a solid cylinder 



" Dr. Young gives h rule which U esBentially the aame, of 
which I was not aware when my ' Princdples oT CarpeDtry ' wm 
written. See Natural Fbikwiphy, nd. ii. ait. 839, B. acholiaro. 
In a Kcent work on the Ekmenta of Natoral PluloBqihj, by 
FrofeaaoT Ledie, vol. i. p. 949, the letroad aathor haa neglected 
to conider the effect of estentkm in bit inveetigation. of tiiit 
equation. 
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which vill contain the same quantity of matter as 
the tabe. Because 

BD' = CD' - BC^. 




By comparing EquatioD xv. and xviii. we find 
that when a sohd cyhnder is expanded into a tube, 
retaining the same quantity of matter, the strength 
of the solid cylinder being 1 , that of the tube will be 
When the thicknesB FE is ith of the 
diameter AE, the stieDgth will be increased in the 
proportion of 1'7 to I. And when FE is ^ths of 
the diameter, the strength will be doubled by ex- 
panding the matter into a tube. But a greater 
excess of strength cannot be safely obtained than 
the latter, because the tube would not be capable of 
retaining its circular form with a less thickness of 
matter. From ^th to rtith seems to be the most 
common ratio m natural bodies, such as the stems 
of plants, &c. 

116. If a beam be of the form shown in Plate I, 
fig. 9, (see art. 38, 39, and 40,) and d be the ex- 
treme depth, and b the extreme breadth ; ^ 5 = the 
difference between the breadth in the middle and the 
extreme hieadtfa, and p d the depth of the narrow 
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pan in the middle ; then by the process onptoyed 
in calculating EqoatioD x. ve find 

fid' 

117. If the middle part of the beam be entirely 
left out, with the exception of cross parts to prevent 
the upper and lower sides coming togetlier, as in 
figs. 11 and 12, Plate II. (see art. 41,) and d be the 
whole depth, p d the depth of the part left out in 
the middle, and b the breadth, then 

/id' 

w=-^(i-y.) (XX.) 

118, Hitherto we lave only cooeidered those 
forms where the nentral axis divides the section kto 
identical figures ; but there are some interesting 
cases " where this does not happeni ancb, for ex- 
ample, as the tiiangular section. 

Taking the case of a triangular section with a 
part removed at the vertex, wc shall have a general 
case which will include that of the entire triangle. 
Let d be the depth of the complete triangle, and 
m d the depth of the part cut off at the vertex - and 
nd the depth of the neutral axis, MN, from the 
upper Bide o 6 of the beam ; then the distance of 
the neutral axis from the base will be (1— n— m) d. 
If both sides of the neutral axis were the same as 



" They are interesting-, because the early theorists fell mto 
Bome serious errors regpectiog them, and oonseqaeiitly have led 
practical engineers into erroneow opinions. 
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the upper one, the BtrengUi would be eqaal to that 




of a parallelogram abpq, added to a triangle aop; 
hence from Eqoation x. and zii. we have 

(4»fi «« d» + J «» .P) = =^^^(4 « + .) = w. 

Bat to find the place of the neatral axta, we must 
compare the strength of the lower side with the 
upper one ; and the strength of the lower side is 
equal to that of a rectangle M N B C minus a triangle 
qrC, or 

>»-»i' (I -«.-»)»} = w. 

And consequently, 

^ (4 m + ») = 4 (1 - ». - «)> - (1 - m - «)». 

Whence, 

_ 5-2in-3m' /T s^ iii-3iii* \^ 3-fi ■t+m'+iH' 
2(l-m) 2(1-111) J 1-m 

When m= 01, then n = -592, and 
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Bnt if m = o, or the triangle A B C be estire, then 
tt = -697 nearly.'* And 

fl = W, or f = W." (iiii.) 

If m =s ^ we have n = -58166, and 

— fj— =W. (uui. 

"Where jn=0'l, the strength is about the greatest 
possible, a triangular prism being about ^th part 
stronger when the angle ia taken off to j^th of ita 
depth, as shown by the shaded part of the figure. 
Emerson first announced this seeming paradox,'* 
but it is easily shown that his solution only applies 
to the imaginary case where the neutral axis is an 
incompressible arris, at the base of tbe section. 

A triangular prism is equally strong, whether tbe 
base or the vertex of the section be compressed : '^ 
and by comparing Equations x. and xxii. it appears 
that its strengtli is to that of a circumscribed rec- 
tangular prism as 339 : 1000, or nearly as I : 3. 
But let it be refnembered that this ratio only ap- 
plies to strains which do not produce permanent 



" JMwxu obtalnB a result equivalent ton = '57 in this case, 
bat the reanlt only it ^ven. Exeai Thi^orique, &c. p. 77. 

This rule wu &nt pablilbed in the Philosophical Msgaifaw, 
-ml. zItiL p. 2a. leiG. 

<* UeabMiu, S«at. Vm. p. 114. 5Ch edit. 1600. 

I* DdIbbd bw proved the trath of this by his experimenla on 
tbe flexnre of triangular ben. Ebbw mr la Rfawtance, &c. p. 96. 



138 RESISTANCE TO FKESSURB. SECT. VII. 

alteration in the materials,' and where the arris is 
not injured hy the action of the straining force : if 
the ati^ be increased so as to produce fracture, the 
triangle will be found still weaker than in this pro- 
portion, when the arris is extended, and somewhat 
' stronger when the anie ie compressed ; in the 
former case, from the imperfection of castings, 
where there is much Bur&ce in proportion to the 
quantity of matter, as in all acute arrises ; in the 
latter case, from the saddle or other thing used to 
support the weight reducing the quantity of actual 
lever^. 

It may be useful to remark, that a triangle con- 
tains half the quantity of matter that there is in the 
circumscribing rectangle, but its strength is only 
one-third ; hence it is not economical to adopt tri- 
angular sections, and a like remark applies to the T 
formed seclions so commonly used. 

119. If the whole depth of a T formed section 
be d, its greatest breadth b, and its least breadth 
b. Then, suppodng the depth of the neutral 
axis M N from the narrow edge X E to be ^ <2, the 
strength of the bar will be 

For would be the square of the whole depth 
were both sides of the neutral axis the same ; and 
the strengtii would.be equal to a rectangle of that 
depth with the breadth (1 — j) h. 
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But the strength of the other side of the axis \ 
Equation xix. is 

6 in* ■ 

hence we have the equation (n — 1)' (1— =1 — 
to determine the place of the neutral axiB ; or 



■ consequently. 



4/6 J'fl -!?) _. 



This formula is complicated, bat it affords some 
carious results. If we make p = o, we have the 
strength of a bar with its neutral axis at C, and the 
depth A C is 

a — u=> 

Vi + V 1 - g/ 
where d is the whole depth. 

And if A E = D B, then A C = 
} d, when the neutral axis is at C. 

The neutral axis may be at any 
point that may be chosen between 
the p{nnt C aod half the deptb, by 
varying the values of 5 or y for that 
purpose. 

If we make 

d 

J = ■ 75. and f = -6, then A M = jtjj ■ and D F = C M ; 
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AE = iDB. 

The strength is 

fbp _^ ^ ^ 

The figure is drawn in these pro[)ortioas, 6 is the 
whole breadth D B, and d the whole depth. Its 
strength is to that of the circumscribing rectangle 
shown hy the dotted lines as : 1 or aa 5 : 12. 

These equations show the relation between the 
strength of beams, and the weight to be supported 
ia some of the most useful cases when the load is 
applied as in fig. 14; but previous to considering 
how these equations will be efiected by varying the 
mode of supporting the beam, it will be deBirabie 
to give some rules for estimating the deflexion of 
beams. 

120. The deflexioD of a beam supported as in fig. 
16, Plate II., is caused by the extension'of the fibres 
of the upper ude, and the compression of those on 
the under side ; the neutral line ABA' retains the 
same length. 

If we conceive the length of a beam to be divided 
into a great number of equal parts, and that the 
extension, at the upper side of the beam, of one of 
these parts ia represented by a A, then the deflexion 
produced by this extension will be represented by 
d e, and the angles acb, dee, being equal, we shall 
have b c : dc :: ah : d e ; the smallness of the angles 
rendering the deviation from Etrtct similarity in- 
sensible. 
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Now, however small we may coneider the parts 
to be, into which the length is divided, still the 
strain will vary in different parts of it, and conse- 
quently the deflexion ; but if we consider the de- 
flexion produced by the extension of any part, to be 
that which is due to an arithmetical mean between 
the greatest and least strains in that part, we shall 
then be extremely near the truth. 

We have seen that the strain is as the weight and 
leverage directly, and as the breadth and square of 
the depth inversely, (see art. 108). Our investi- 
gation will be more general by considering the 
wdght, breadth, and depth variable, by taking /, b, 
and d for thti length, breadth, and depth of the 
middle or supported pouit, and W for the whole 
wdght, and «, y, and w for the depth, breadth, and 
wdght on my other point. Then, the deflexion 
from the strain at any pmnt c is as 

aT3''"~,"V W77? 
And, if 2 be the length of one of the parts into 
which we sappoee the whole length divided, then 
the deflexion from the mean force on the length of 
z situate at c will be 



W/yi' V 2 7 

Since the whole deflexion D A is tlie sum (tf the 
deflexions of the parts, we have 




(l* + 9» + fa. iTTT* + !^)=DA. <i.) 
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121. Caie 1. When a beam is rectangular, the 
depth and breadth uniform, and the load appUed at 
one end. llien, 

t = y, d = f , tnd W = w. 

Therefore the progression becomes 
of which the snm is 

2*1' 

-^•j-s thB ddedrai DA." (it.) 

122. Case 2. When the section of the beam is 
rectangular, and the load acts at one end, the depth 
being uniform, but the breadth varying as the 
length. 

In this case the progression b 

il^X (1 + 9,&D.)s'^ = the(leaeni>a DA. (in.) 

This is tlie beam of uniform strength deacribed in 
art. 30, jig. 6, and the deflexion is ^rd more than 
that of a beam of equal breadth throughout its 
length. The deflexion of the beam of equal strength 
described in art. 33 ie the same ; the neutral axis 
becomes a circle in both these beams.*' 



■* The lune relation ii othenriee determined in Dr. Yoang's 

Natural Philowphy, toI. ii. art. 325. 

" M. Girard arrivea at the eitddcoiis cDncln«ion, that all the 
solids of equal reaiatttuee curve into circular arce, (Trait* Anuly- 
tiqne, p. 82,) in confteqaence of neglecting the effect of the depth 
ol the *olid OB the radiot of onrTBtare. 
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Iq thie case it is taaif shown 1^ oQsex reasoning 
that the cam of the neutral axis ia a portion of a 
circle, and it is well Icdowd that in an arc of very 
small curvature, (one of such as are formed by the 
deflexions of beams in practical cases,) the versed 
sine is sensibly proportioned to the square of the 
sine. Tliia will enable tlie rcaficr to form an esti- 
mate of tlic accuracy of tlic nicthod I here follow. 
I am perfectly satisfied that it is correct enough for 
use in the construction of machines or buildings, 
and that it is an useless refinement to embarrass the 
subject with intricate rules ; but this explanation 
may be neceasaiy to some nice theorists, who aim 
tatfaer at imaginary perfection than useful applica- 
tion. 

123. Case 3- Wlien the section of the beam is 
rectangular, the load acting at the end, the breadth 
uniform, and the depth varying as the square root 
of the length ; which is the parabolic beam of equal 
strength. (See art. 27, fig. 3, Plate I.) 

In this case the pn^ression is 

The defleadon is doulde that of an nmform beam 
while the quantity of matter is only lessened )rd. 

124. Ctue 4. When the section of the beam de- 
creases from the supported point to the end where 
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the load acts, so that the sections are similar figures, 
then the curve hounding the sides of the beam will 
be a cubical parabola; ttiat is, the depth will be 
eveiy where proportiooal to the cube root of the 
length. 

Jn this case the progressioD is 
— 2 X (li+2i + aii.)=-j^tliedeaew»DA. (t.) 

The deflexion is to that of an uniform beam as 
1-8 : 1. 

125. Case 5. When a beam ia of the same 
breadth throughout, and the vertical sectioa is an 
ellipse, (see t^g. 8, art. 32,) the deflexion irom a 
weight at the vertex may be exhibited ia a pro- 
gression as below: 

i*t^^ f a ^ 8 ^ ^ w' 1 

c.^ = DA. 

By actually summing this progression when m ~ 
10, we have 

• _ 9S7JU ^ ^ deflnion D A. (ti.) 

126. date 6. If a rectangular beam of uniform 
breaddi and depth be so loaded that the strain be 
upon any point c, then 



■.de X {31— ic) W:v; 



<te X W X (3;-<ie) 



Hiis value of w bong substituted in Equatioa i., 
we have 
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^1 { 2 i 0 ' + y + &c.) ~ z + 2», to.) } = ^ X 

— = = the deflation D A. I' (vH.) 

This is the d^enon of a beam uniformly loaded 
when it Ib supported at the ends, I being half the 
length. 

127. Case 7. If the section of a beam be rectan- 
gular, and the breadth uniform, but a portion of 
the depth varying as the length, and the rest of it 
uniform ; then the depth at any point c will be 

the depth at the point where the v^ht acts heiag 
the 1— nth part of the depth at the point of 
6U}iport. 

This value of x being substituted in EquatioD i. 
art. 120, it becomes 

+ ^ . + &e.'l = DA. 

And the general expression for the sum of this 
pn^resuon is 

When n=-5, as m the beams figs. 4 and 5, Plate I., 
we have 



^ This relntioD is othenriie detenoined by Dr. Young. Nat. 
Fhaw. voL i. ut. SS9. 
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l^^ll = DA the defleiion. (viii.) 

Hence the deflexion of an uniform beam being de- 
noted by I, this beam will be deflected r635 by the 
same force ; the middle sections being the Bame. 

If the beam be diminished at the end to two- 
thirds of the depth at the middle, then 

■~ 3 ' 

and 

5i?|JL* = DAthedeflexion. (U-) 

128. Case 8. If a rectangular beam be supported 
in the middle and uniformly loaded over its length ; 
then, 

Hence, when the beam is of uniform breadth and 
depth, we have by substituting this value of w in 
Equation i. art. 120, 

(l + S* + 3* + &D.) = ^=DAthedefleziaii. (z.) 

In this case the deflexion is fths of the deflezioa 
of the same beam having the whole weight collected 
at the extremities. 

129. Case 9. If a beam be generated by the rovo- 
luUoD of a semi-cubical parabola round its axis, 
which is the figure of equal streogth for a beam 
supported in the middle when the weight is uni- 
fbrmly difiused over its length. Then, 
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J , £il f) W 

■lidj>=c; llMvs^ — J — > 

Tbeae quantities, substituted in Equation i. art. 
120, give 

the deflexion. (id.) 

Here the deflextoQ is |tlis of that of an uoifbrm 
beam with the load at the cxErcEnlties. 

130. Case 10. If a beam to support an uniformly 
distributed load be of equable breadlb, but the 
depth varying directly as the distance from the ex- 
tremity, as in fig. 21, Plate III. Then 

therefore by Equation i. art. 120, 

^ = D A Ihe deflexion. (xii.) 

If the beam had been uniform, and the loads at the 
extremities, the defledon would have been only ^rd 
of the deflexion in this case. 

The cases I have ccui^ered are perl^n suffident 
for the ordinary purposes of buoness ; the next 
object is to show how these c^culatiiHiB are afiected 
by changing the position and manner of supporting 
the beam, or the nature of the etraiiung force ; and 
to compare them with experiments, and draw them 
into practical rules. For this purpose the most 
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clear and the most useful plan seems to be that of 
taking known practical cases for illustration. 

BEAMS StrppOBTBD IN TBB MIDDLE, AND STRAINED 
AT THE ENDS, AS IN THE BEAM OF A 8TBAU 
ENGINE. 

131. The distance FB, fig. 14, of the direction 
of the straining force from the centre of motion 
being constantly the same, the strain will be the 
same in aay position of the beam (art. 108). Also, 
the deflexion from its natural form nill be the same 
in every position, because the stnun is the same; 
and the lengtii does not vary with the position. 

Now the force actii^ upon the beam of a steam 
engine h&og impulnve, the practical rules for its 
strength will be found in the eleventh section ; the 
formula calculated in this section being used to 
establish tiiose rules. 

BEAMS FIXBD AT ONB END; AS CANTILBVERS, 
CRANKS, &C. 

132. The strain upon a beam supported upon a 
fulcrum, as in fig. 14, is obviously the same as 
when one of the ends is fixed in a wall, or other 
like manner; for fixing the end merely supplies the 
place of the weight otherwise required to balance 
the Btrmning force. But though the strain upon 
the beam be the same, the deflexion of the point 
where the strmn is applied wilt vary according to 
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the mode of fixing the end ; because the deflexion 
of the strained point will be that produced hj the 

curvature of both the parts AB and BA'. 

133. Let the dotted lines in fig. 17, Plate III., 
represent the natural position of a beam fixed at 
one end in n wall : when tliis bcarn is strained by a 
load at A, the compression at C will always be 
enough to allow the beam to curve between A' and 
B, and the strain at the point A' will obviously be 
the same as if a weight were suspended there that 
would balance the weight at A. Let A B A' be the 
curvature of the beam by the load W, and ao' a 
tangent to the point B. Hen A' iT is proportional 
to the deflexion produced by the etrun at A', and 

A'B!BDMA'rf.DB = ^?^^'°' = 

the deflexion from the curving of the part A' B ; 
therefore 

+ A a = tlie lAole deBwdoD DA. 

Now, since the deflexion is as the square of the 
length, (see Equation i.-xii. art. 120-130,} we have 

tB A)' ! (B A')' ! : A a ! A' = ^^A^^". 
Hierefore, 

If the angle D B A be represented by c, then 
BDsBA X eoi.<!t 

and putting 
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we have 

Aa X (1 +r. ooa. c) = DA. (ii.) 

But since the deflexion is alwaye very email, in 
practical cases, we may always consider cos. c = 1 , 
or equal to the radius, and then we have 

Aax (1 +r) = DA. (iii.) 

134. In this equation r is the ratio of the lengtli 
out of the wall to the length within the wall ; that 
is, 

BA:BA';: 1 : r. 

If till! beam be eitber supported in lliti middle on 
a fulcriLui, or fixed so that tlie leiiglli of Uie fixed 
part be equal to tbat of the projecting part, tbcn 

r=l.and2(Afl)=DA. (iv.) 

135. If the fixed part be of greater bulk than the 
projecting part, or it be so fixed that the extension 
of the fixed part would be very small, then the effect 
of such extension may be neglected, and the de- 
flexion D A and A a will be the same ; particuhirly 
in the Clanks of machinery, as in fig. 18, hecause 
by employing this value of D A in calculating the 
resistance to impulsion, we err on the Bafe side. 
See art. 327. 

BBAHS SUPPORTED AT BOTH ENDS, A8 BEAMS FOR 
SUPPORTING WEIGHTS, &C. 

136. When the same beam is supported at the 
ends, as in fig. 1 9, instead of being loaded at the 
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ends, and sapported in the middle, as in fig. 14, 
and the inclination and sum of the load be the same 
in both poBitionB, the straina will be the same. 
In dther portion of the beam we have 
W X ¥B=W X fB, 

or as 

Wi W'::FB:PB: 

and therefore, 

W + W':W;!FF!PB.'» 

Consequently, _____ 

w'x yp_ W + W'xF'BxFB 

If the beam be a rectangle, and the whole length 
FF'= and W the whole weight, then by art. 110, 
Equation x. 



/6iP _ 



137. And the strain is as the rectangle of the 
segments into which the point B divides the beam ; 
and therefore the greatest when the point B is in 
the middle, as has been otfaerwise shown by writers 
on mechanica.'" 

If the weight be applied in the middle, then 
W~rw~ X FB X FB _ W^fVi' X FF 
F F 4 ■ 

In a rectangular beam, the whole length being /, 
and W the whole weight, then 

^JJl = L^. or Vl^^ /W. (vi.) 

" EoclW* Elements, Prop, nviii. Boot v. 

^ Gregory'* MechaaicB, lol. L ■rt. 170, cor, 2. 
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138. When a weight is distributed over the 
length of a beam A B, fig. 20, in any manner, the 
strain at any point C may be found. For let G be 
the centre of gravity of that part of the load upon 
AC, and g that of the load upon BC. Then by 
the property of the lever, 

" ^^^ =the stress at C from the w^bt w of the 
load upon A C, 
Also, 

— ^ =the stress at C from the weight w' of the 
load upon C B. 
Therefore the whole stress is 



ax CBxAG + ic'yACxjB 
AC X CB 

And by Equation v. art. 136, the strain will be 

le X CB X AG"+ X AC X g B . .. , 

AB 

139. Case 1 . When the weight is uniformly dis- 
tributed over the length, then 

AG = iAC;sB = iCB. BudB + K/sW, 
the whole weight upon the beam; these values 
being substituted in Equation vii. it becomes 

The strain is greatest at the middle of the length, 
for then A C X C B is a maximum, and it is evidently 
the same as if half the weight were collected there ; 
for in that case AC btaag equal CB, and either of 
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these equal to half A B, we have in the case of a 
rectangular beam 

6 S ■ 3 ■ ^ 

140. Case 2. When the load increases from A to 
B m proportion to the distance from A ; then 

>"<TO^' 

Now since 

w + w' = the whole might, 

and 

_ tA(? X W 
AB 

also 



if these values be inserted in Equation vii. we have 

W.AC , 
6AB * 



^ (AB>-AC>)=thestRunatC. (i.) 



By the prindples of maxima and mimma of qiian- 
^ties, we readily find that the strun is the greatest 
at the distance of V ^ A B from A. And the stram 
will be nearly 

i~~at the pomt of greatent almin = j.^^ "hen W is 
&e whole weight. (xi.) 

This distribution of pressure applies to the pres- 
sure of a fluid agtunst a vertical sheet of iron ; as 
in lock-gates, reserroirs, sluices, dstems, piles for 
wharfs, &c. 

141. Case 3. When the load increases as the 
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square of the distance from A, we find by a similar 
process that the strain at any point C is 

-S^ <-> 

The point of maximum strain in this case is at 
the distance of (4")* ^ ^ ^• 

FRACnCAL RHUS AND EXAHFI^ES. 

BBSI8TANCB TO CBOBB STRAINS. 

142. Prop. I. To determine a rule for the breadth 
and depth of a beam, to support a given weight or 
pressure, wlieii the distance between the supported 
or strained points is given ; when the breadth and 
depth are both uniformly the same throughoat the 
length, and the strain does not exceed the elastic 
force of cast iron. 

143. Cose I. \Vlien a beam is supported at tlie 
ends, and loaded in the middle, as in fig. 19. From 
Equation vi. art. 137, taking W for the weight, we 
hare 

W I = ^/.^f... whew i = F F ; fig. 19, 

and the value off is the only part required from 
experiment; and 

Now in the expeiimeut described in art 56, Sect. V., 
the bar retumed to its natural state when the load 
was 300 lbs., and I was perfectly satined that it 
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would bear more than that weight without destroying 
its elastic force. Therefore, from this experiment, 

3 K 34 X 300 ^ 153O0fts.=i 

That is, cast iron of the quality descrihed in art. 56, 
will bear 15,300 tfos. upon a square inch, when drawn 
in the direction of its length, without produtnng 
permanent alteration in its structure. If this value 
of/ be employed, our equation becomes 

_3rW__ , 

2 X 15300 

or, as it is convenient to take I in feet. 



< 12 X t X W /W 



3 X 15300 

144. Rule 1. To find the breadth of an uniform 
cast-iron beam, to bear a given weight in the 
middle. 

Multiply the length of bearing in feel by the 
wdght to be supported in pounds ; and divide the 
product by 850 times the square of the depth in 

" Mr. Tredgold finds here that cast iron wiU bear a direct 
tensile fotfe of l.'i,300 th?. per aquHTB inch without injury to its 
cloelicity, and concludes (arts. 70-/C) that its atmost teaulc 
farce ia nearly three tlmea as great as this, or apnards of 20 
tons. But it will be ihown u the " Additiona," ut. 3, that a 
ten weigtit per inch thin IS,S001lii. wei snffidsnt to teHTasander 
ban of several sorts of cast iron ; and the mean itrength of that 
metal from experiments on irons obtained frooi ^Brians ports of 
the United Kingdom did not exceed 16,a051bB. per square inch. 
Mr. TVedgotd was mistaken in supposing the bar to have home 
300 fts. without injury to its elaatidtf, as witi be seen under the 
tiead ' TransverM Strength ' hi the Additions. — EtinoB. 
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inches ; the quotient will be the breodtli in inches 
required.*' 

145. iZuIe 2. To find the depth of an uniform 
cast iron beam, to bear a given weight in the 
middle. 

MuUiply the length of bearing in feet by the 
weight to be supported in pounds, and divide this 
product by 850 times the breadth in inches ; and 
the square root of the quotient will be the depth in 
inches. 

When no particular breadth or depth is deter- 
mined by the nature of the siluation for which the 
beam is intended, it will be found sometimes con- 
venient to assign some proportion ; as, for example, 
let the breadth be the nth part of the depth, n 
representing any number at will. Then tlie nilc 
becomes — 

146. Rule 3. Multiply n times the length in feet 
by the vd^t in pounds; divide tHs product by 
850, and the cube root of the quotient will be the 
depth required: and the breadth will be the nth 
part of the depth. 

It may be remarked here, that the rules are the 
game for incliDed as for horizontal beams, when the 
horizontal distance FF', fig. 19, is taken for the 
' length of bearing. 

" If the bar is to be of wrought iron, divide by 932 ioateid 
of 85Q. 

If the beam be of oek, divide hy 213 instead of 850. 
If it be of yellaw fir, (Uiide by SSd iostMd of 850. 
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147. ExampU 1. In a situation where the flexure 
of a beam ia not a material defect, I wish to support 
a load which cannot exceed 33,600 lbs. (or 15 tons) 
in the middle of a cast iron beam, the distance of 
the SQpportB being 20 feet ; and making the breadth 
a fourth part of the depth. 
In fbiB case 

^ , 4 X 30 X 33600 „,,^,, 
H = 4 and gg^ = 31S9-35. 

The cube root of 3162 35 is nearly 14-68 inches, 
the depth required ; the breadth is 

ii^ = 3-87 inchu. 

In practice therefore I would use whole numbers, 
and make the beam 15 inches deep, and 4 inches in 
breadth. 

148. Case 2. When a beam is supported at the 

ends, but the load is not in the middle between the 

supports. In this case 

W.FBxFB /ti* 
J g-. 

(Equation v. art. 136,) consequently 

= 6 J'. 



4FBx FB X W _ 

esoT 



149. Eufe. Multiply the distance FB in ieet (see 
fig. 19) by the distance FB in feet, and 4 times 
this product, divided by the whole length F F* in 
feet, wilt ^ve the efi^ctive leverage of the load, 
wMch bong used mstead of the length in any of 
the rules to Case 1, Frob. i., the breadth and 
depth may he found by them. 
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IfiO. ExampU. Taking the same example as the 
last, except that, inetead of pladng the 15 toos in 
the middle, it is to be applied at 5 feet from one 

end ; therefore we have F B = 5 feet, and conse- 
quently 

F' B = 15 feet ; and ^ - ^ = IB 

the nomber to be employed instead of the whole 
length in Bule 3. That is, 



and the cube root of 2372 is nearly 13'34 inches, 
the depth for the beam, tiad 

Sot the breadth, or nearly 13^ inches by 3^ inches. 

In the former case it was 15 indiea by 4 inches. 

151. Ca»e 3. When the load is nniformly distri- 
buted over the length of a beam, which is supported 
at both raids. 

Inthiscase wt /id* . 

B ~ 6 ' 
(see Equation ix. art. 139,) hence 



The same rules apply as in Case 1, art. 144, 145, 
and 146, by making the divisor twice 850, or 1700. 

lf»2. ExmyU. In a utuation where I cannot 
make use of an arch for want of abutmente, it ia 
necessary to leave an opening 15 feet wide, in an 
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IS-inch brick wall; required tlie depth of two cast 
iron beams to support the wall over the opening ; 
each beam to be 2 inches thicli, and the height of 
the waU intended to rest upon the beam bang 
30 ftet? 

The wall contains 

30 X lo J< li = 6;5 cubic feet; 

and as a cubic foot of bnck-work weighs about 
100 fta., the weight of the wall will be about 
67^00tbB.; and half this weight, or 33,7501bs., 
wiU be the load upon one of the beams. Since the 
breadth is supposed to be given, the depth will be 
found bf Rule 2, art. 145, if 1700 be used as the 
constant divisor ; thus 



The square root of 149 is 12} nearly; therefore 
each beam should be 12} inches deep, and 2 inches 
in thickness. This operation g^ves the actual 
strength necessary to support the wall ; bat I bave 
usually taken double the calculated weight in prac- 
tice, to allow for acddei^. 

this manner the strength proper for bressum- 
mers, lintels, and the like, may be determined. 
But if there be openings in the wall so placed that 
a pier rests upon the middle of the lei^^ of the 
beam, then the 8trei^;th must be found by the rule, 
art. 145. A nde for a more econcKnical form is 
given in art. 193. 

153. Cate 4. When a beam is fixed at one end. 
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and the load applied at the other; also when a 
beam is supported upon a centre of motion. By 
Equation z. art. 110, 

and taking 1 in feet, and/=: 15,300H)s., we obtain 

^=-. 

but the divisor 212 will be always sufficiently near 
for practice. 

154. Rule 1. In a beam fixed at one end, take 
BD for the length, fig. 17, Plate III., or if the 
beam be supported in the middle, as in fig. 14, 
Plate II., take B F or B F for the length, observing 
to use the weight which is to act on ttiat end in the 
calcnlatioii. Then calculate the strength by the 
rules to Case 1, art. 144, 145, and 146, using 



instead of 850 as a diviaor. 

Example, By this role the proportions for the 
arms of a balance may be determined. Let the 
lei^;th of the arm, from the centre of suspension to 
Uie centre of motbn, be 1} feet ; and the extreme 
wdghtto be wdgbed Scwt, or 336 lbs., and let the 
thickness he ^th part of the depth. Then by the 
nile 

■° 

The cube root of 24 is 2-88 inches, the depth of 
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the beam at the centre ; and the breadth will be 
0-288 inch. 

, For wrought iron the divisor is, in this case, 238, 
and taking the same example, 

10xl-Bxa86 _g,.j 
238 

The cube root of 21'2 is 277 inches, the depth 
required; and the breadth is 0 277 inch. 

155. Rule 2. If the weight be uniformly distri- 
buted over the length of the beam, employ 425 as a 
divisor, instead of 850 in the roles to Case 1, art. 
144, 145, 146. 

156. Example. Required the depth for the canti- 
levers of a balcony to project 4 feet, and to be 
placed 5 feet apart, the weight of the stone part 
being iOOO lbs., the breadth of each cantilever 
2 inches, and the greatest possible load that can 
be collected upon 5 feet in length of the balcony 
2200 lbs.? 

Here the wdght is 

IOOO + 2200 = 3300 fts.! 

and by Rule 2, Case 4, 

3200 X 4 , . , . 
^^^ = 151 neariy: 

and the square root of IS'l is S'SOneariy, the depth 
required. 

157. Remark. The depth thus determined should 
be the depth at the wall, as A B, fig. 21, Plate III,; 
and if the breadth be the same throughout the 
length, the cantilerer will be equally Btnmg in every 
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part, if the under side be bounded by the straight 
line BC;^ therefore, whatever ornamental form 
may he given to it, it should not be reduced in any 
part to a lees depth than is shown by that line. 

158. The strength of the teeth of wheels depends 
on this case. Bnt since in consequence of irregular 
actios, or any substance getting bctweea the teeth, 
the whole stress may be thrown upon one comer of 
a tooth ; and it has been shown in art. Ill, that 
the resistance is much less in that case, for then the 
strength of a to(4h of the thickness d wonjld only he 

if it were every where of equal thickness ; and to 
make aUowance for Qte diminution of thickness, we 
ot^t to make ^^W. We have also to make an 
allowance for wear,** which will be ample enoogb 
at the rate of itd of the thickness; therefore. 



■, 4to. adit. pn^. IzzSi, cor. 3. It wu 
fint demoiittrated b; CitllUOtthe eariiett writer on the leiiBtance 
«f aolida. Qpere id Galileo, IKmotm, &e., p. 104, tome ii. 
Bonon, 16SS. 

" He anamuee fbr wear aliodld be for a veloeitf of Sfeet per 
Becood; and in proportion to the velodtf, tliat is, 

lltoMil—fftv = iO -iv)t. oT^f (S-v), (hoold be 
deducted from tbe thioknca in the "WAt, for Telodttee di^iig 
Aran 3 feet per seeond. 
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In cast iron /= 15,300; whence we have, with Bnf- 
ficient accuracy, 

JL=,i...,(-JLV=i. 

1500 V!.™/ 

Sule. Divide the stress at the pitch circle in lbs. 
by 1500, and the square root of the product is the 
thickness of the teeth in inches. 

Example 1 . Let the greatest power acting at the 
pitch circle of a wheel be 6000 lbs. Then 

£222 = 4. 

1500 ~ ' 

and the square root of 4 is 2 inches, the thickness 
required. 

The breadth of teeth should be proportioned to 
the stress upon them, and this stress should not ex- 
ceed 400ttis. for each inch in breadth, when the 
pitch is 2 J inches, because the surface of contact 
is always small, and teeth work irregularly when 
much worn. 

The length of teeth ought not to exceed their 
thickness, but the strength is not affected by the 
greater or less length of the teeth,^ 

^ The auifece of contact is aeuAy in the direct ratio of the 
pitch, and therefore the breodth for a Scinch [utch beiog siveo, 
the breadth for B.nj other teeth will be directi]' ai the atreu, and 
inversely as the pitch. 

^ On the length and form of teeth for wheels, the reader may 
consult the Adtlitione to Buchanan's Eesaye on Mill-wotk, vol. i. 
p. 39, edited by Mr, Rentiie, 1843; or the Taper on tlie Teeth 
of Wheels, by ProCeisor WiUis, given at p. 139 of that work, 
Bod in the ieeond vdume of the lottilutioii of Civil Engineer*. 
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A Table ((fihe TAtobuu, Breadth, ai 
Wheel Wtrrk. 



4800 
5200 
5600 



o-:<2 

0-73 
0'90 



159. As good proportions for the teeth of wheels 

are of much im]>()rUiice in tlie constructioQ of ma- 
diintry, I shdl illusirato the mode of appljdog this 
Table bj' examples of different kinds. 

dine 1. It is a coHiuioH mode to compute the 
stress on the teeth of a machine by the power of 
the first mover, expressed in horses' power, and the 
velocity of the pitch circle in feet per second. Now, 
though I have given the stress in pounds in the 
Table, I have still kept this popular measure in 
view ; and assuming a horse's power to be 200 lbs. 
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vith a velocity of 3 feet per Becond, which we ought 
to do in calculating the strength, of machines, — 

Then, the breadth in inches will be eqnal to the 
horses' power, to which the teeth are equal, when 
the velodty of the pitch drde is 1} feet per second ; 
twice the breadth will be the horses' power when 
the velocity is 3 feet per second; three times the 
breadth will be the horses' power when the veloei^ 
is 4^ feet per second ; four times the breadth will 
be the horses' power when the velocity is 6 feet per 
second; five limes the breadth will be the horses' 
power when the velocity is 7^ feet per second ; and 
generally n times the horsea' power when the ve- 
lod^ of the pitch circle is n times 1^ feet per 
second. 

Example. Let a steam engine of 10 horses' power 
be applied to move a machine, and it is required to 
find the strength for the teeth of a wheel in it, 
which will move at the rate of 3 feet per second at 
the pitch circle. 

Here then the horses' power should be double the 
breadth ; consequently the breadth will be 5 inches, 
and, according to the Table, the thickness of the 
teeth 1'15 inches, and pitch 2'4 inches. 

And the same strength of teeth will do for any 
wheel where the horses' power of the first mover, 
divided by the velocity in feet per second, produces 
the same quotient. In this orample it is 10 divided 
by 3 ; and the same Etrength of teeth wiO do for 20 
divided by 6 ; 30 divided by 9 ; and so on. This 
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irill be of aome advantage in the arrangement of 
collectionB of patterns. 

Gate 2. When a maclune is to be moved by 
horees, the horses' power dumld be estimated h^her, 
on account of the jerks and irr^tdar action of 
horses. We shall not estimate above the strain 
which often takes place in horse machines, if we 
rate the horse power at 400 B)s. with a velocity of 3 
feet per second, and make the strength of the teeth 
accordingly. 

But the bruiulth of the teeth should be made in 
the same projiortion as in the preceding case. 

Example. Wlien the horse power is taken at 
400 ibs. with a velocity of 3 feet per second, the 
stress on the teeth is given for this case in the 
Table. Thus, in a machine to be moved by four 
horses, the stress on all the wheels of which the 
pitch circles move at the rate of 3 feet per second, 
will be IGOOtbs., and the pitch should be 2-2 
inches, and thickness of teeth 103 inches; the 
breadth half the breadth in the TsUle, or 2 inches. 

Hien for any other velodty, as suppose 6 feet 
per second, it will be, as 

6:9:: 1600 ; BOO. 

Hat is, the strees on the teeth from a first mover 
of four horses is SOOfts. when the velodty is 6 
feet per second ; and the thidcness of teeth by the 
l^ble is 073 inch, and pitch 1-5 inches. 

Case 3. It remiuns now to show Ha general role 
which includes the preceding cases, and appears to 
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me to be a more diiect and dmple mode of pro- 
ceeding. 

If F be the power of the first mover in pounds, 
and V the velocity of that power in feet per second, 
the stress on the teeth of a wheel of which the ve- 
locity of the pitch circle is v, will be 

W, tha Btrew on the teelh. 

But we cannot always know the velodty of the 
pitch circle, because it is not in general possible to 
vary the number of teeth after the pitch is deter- 
mined, so as to give it the velocity we have assigned 
to it before the pitch was known. 

The calculation may therefore be niiide with ad- 
vantage in this manner : Let N be tiie number of 
revolutions the axis is to make per minute, on 
which the wheel is to be placed ; and r the radius 
the wheel should have if the pitch were two inches, 
then 

g-lrfNi- _ itNr 
19-09 x 24 ~2I8-l8' 

Consequently, 

PV 3I8-16PV ^ 
— = rfNr 

Hence 

ai8-16 PV , ^ ^ "14644 PV \^_. 
1500 Nr ' V Nr / 
The equation afibrds this mle. 

jRuIe. Multiply 0*146 times the ptmec <^ the 
first mover in pounds by its velodty in feet per 
second, and divide the product by &s nomber at 
revolutions the wheel is proposed to make per mi- 
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nute, and by the radios the wheel Bhcndd have in 
inches if its pitch were 2 iaohes ; the cnbe root 
of the quotient will be-tlu thidtness of the teeth in 
inches. 

Example 1. SniFpose the efiective force acting at 
the drcumference of a water-wheel to be 300 Sis. 
and its velocity 10 feet per second,^ it is proposed 
to find the thickness for the teeth of s wheeJ which 
is to make twelve revolutions per minute, and have 
thirty teeth. 

Here, 

O-UGx 800X 10 = 438. 

And smce the radius of a wheel with thirty teeth 
and a pitch of 2 indtes is 9-567 inches ;^ we have 



The cube root of 3-815 is very nearly I'563, the 
thickness of the teeth required in inches. 

Example 2. Let the effective force of the piston 
of a steam en^e be 6875 lbs. and its velocity 3^ 
feet per second ; it is required to determine the 

^ Tbe iDsaner of eBtimnting Ihe eSective force, and deter- 
mining the best lelooity for water-wheels, ia shown in the Ad- 
ditions to Buchiuum'i Eibb;s on Mill-wutk, vol. ii. p. 512.526, 
lecond edition i or p. 336-333, in the edit, by Mr. Renaie, 1842. 
On the aabject of water-wheelB the reader ma^ consult Mr. 
Bennie'a Preface, page 23. for s notice of the Uboura of Foncelet, 
Horfaii &a.i Knd theTaluable eipcrimcnts of the Franklin loetitnte. 

" .TCS is earily ascertained by Donkin's Table of the radii of 
nliedi. See Buehanan's Esiaye, vol. i. p. 2U6, aecond edition ; 
or p, 114, Rennie'* editioD. 
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strength for tbe teeth of a wheel to be driven hf 
this eB§^e, which is to have 152 teeth, and make 
17 revolntions per miirnte. 

In this case, the radios for 152 teeth with a 
2-inch pitch is 48*387 inches; therefore. 



0-146 X 6876 X 3-5 



4-15. 



17*S X 48-387 

And the cube root of 4'15 ia very nearly 1*6 inches, 
the thickness of tbe teeth required. 

By referring to the Table it will be found that 
teeth of this thickness should have a breadth of 

about 9 inches. 

These rules will be found to give proportions ex- 
tremely near to those adopted by Boulton and 
Watt, of Soho; Rothwell, Hick, and Rothwell, of 
fiolton, in Lancashire; and other esteemed manu- 
facturers; which is one of the most gratifying proofs 
of the confidence that may be placed in the prin- 
ciples of calculation I have followed. The difference 
is chiefly in the greater breadths I have assigned for 
the greater strains, and which being a consequence 
of the principle adopted for proportioning these 
breadths, 1 cannot agree to change till it can be 
shown that the principle is erroneous. 

160. Case 5. When the pressure upon a beam 
increases as the distance from one of its points of 
support. Since the point of greatest strain is at 
Vil front the point A, where the strain b^ins at, 
(see fig. 20,) we have by art. 140 and 110, 
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or -wbea 1 is in feet, and 



/= I5300tta.i -5^= bd^; 
■' 1C47 



a result which differs so little from Case 3, that the 
same rule may serve for hoth cases. 

161. Prop. II. To determine a rule for the dia- 
gonal of an uniform E(]uare beam to support a given 
strain ia the direction of that diagonal ; w hen the 
strain does not exceed the elaslic force of cast iron. 

162. Case 1. When a heam is supported at the 
ends and loaded in the middle, 



art 137 and 1 12 ; or when I mm feet, and 



ir>3. Rule. Multiply the length in feet by the 
weight in pounds, and divide the product by 212; 
the cube root of the quotient is the diagonal of the 
beam in inches. 

164. Case 2. When a bom is supported at the 
ends, and the strain is iwt in the middle of tJie 
length, 



art. 112 and 136; or when /= 15,300fts. and the 
length and distances FB, FB from tlie ends are 
in feet, 



165. RuU. Multiply the weight in pounds by 



Vfl _/<fi 

4 ~ 24 ' 
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the distance FB in feet, and multiply this product 
by the distance from the other end, or FB in feet 
(see fig. 19). Divide the last product by 53 times 
the length, and tliK cube root of llie iniotierit will 
he the diagonal of tliu bt.'aiii in inches. 

I limit the rules to these cases only, hecause a 
beam is seldom placed in the position described in 
this proposition. Examples are omitted for the 
same reason. 

\GG. Prop. Ill, To determine a rule lo find the 
diameter of a solid cylinder, to support a given 
strain, when the strain does not exceed the elastic 
force of cast iron. 

If the diameter be not uniform, the diameter de- 
termined by the rule will be that at the point of 
greatest strain, and the diameter at any other point 
should never be less than corresponds to the form 
of equal strength. 

167. Ciue 1 . When a solid cylinder is supported 
at the ends, and the weight acts at the middle of 
the length. 



art. 1 13 and 137 ; or when / is in feet, 

/= 15800%B. and 4 K tlie dkmeter in iachcs, 

we hare 



168. Rule. Multiply the wdght in pounds by 
the length in feet ; divide this product by 500, and 



W ■7854 fd^ 
~4~ ~ 8 ' 
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the cube root of the quotient will be the diameter in 
inches.™ 

The figure of equal etreugth for a solid, of which 
the cross section is every where circolar, is that ge- 
nerated by two cubic parabolas, set base to base,^' 
the bases being equal, and joining at the section 
where the strain is the greatest. 

169. Example. Required the diameter of a hori- 
zontal shaft of cast iron to sustain a pressure of 
2000 Bta. in the middle of its length; the length 
bang 20 ieetf In this case we have 



and the cube root of 80 is 4*31 inches neaily, which 
is the diiuneter required. 

This is supposed to be a case where the flexure is 
of no importance, otherwise the diameter most be 
determined by the rules fox Oexme, 

170. Que 2. When a cylinder is supported at 
the ends, hut the strain is not in the middle of the 
length. By art. 1 13 and 136, 



or when the lengths are in feet, d is the diameter in 
inches, and / = 15,300, the equaUon becomes 



" For wnragbt iron diTide by SCO mitead of SOO. For oak 
divide hj 126 Imteed of GOO. 

EmenoD's Mechanic!, 4to. edit. prop, ludii. cor. 4. 



2000 X 30 . 
fiOO 



!=eo, 
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171. Rule. Multiply the rectangle of the seg- 
ments, into which tlie strained point divides the 
beam, in feet, by 4 times tlie weight in poucds; 
when this product is divided by 300 times the 
length in feet, the cube root of the quotient will be 
the diameter of the cylinder in inches. 

The figure of equal stiength is tlie same as in 
Case 1, art, 1 68. 

172. E-rniiiple. Required the diameter of a shaft 
of east iron to resist a pressure of 4000 lbs. at 3 feet 
from the end, the whole length of the shaft heing' 
14 feet ? In this example 



The cube root of 75-43 is nearly 4 23 inches, the 
diameter required. 

1 73. Case 3. When a load is uniformly distri- 
buted over the length of a solid cylinder supported 
at the ends only. By art. 1 13 and 139, 



therefore, when I is in feet, d the diameter in inches, 
and/= 15,300, we have 



174. aOe. Mnttipljr the length in feet hy the 
woght in poonda, and j^th of the cabe root of the 




product will be the diameter in inches.' 



» For wrooght inm divide by lO-SS. 
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The figure of equal strength for an uniform load, 
the section being every where drcular,** is that 
generated by the revolution of a curve of which 
the equation is 



175. Ex-ample. A load of 6 tons [or 1 3,440 tbs.) 
is to be uniformly distributed over the length of a 
solid cylinder of cast iron, of which the length is 
12 feet; required its diameter, so that the load 
shall not exceed its elastic force ? 

In this case 



and the cube root of 161,280 is 54-44, and f^th of 
this is 5'444 inches, the diameter required. 

176. Case 4. When a cylinder is fixed at one 
end, and the load applied at the other; also, when 
a cylinder is supported on a centre of motion. By 
art. 113, 



therefore, when d is the diameter, / is in feet, and 
/= 15,300 lbs., we have 



The figure of equal strength is the same as in 
Case 1, art. 168. 

177. Sale. Multiply the leverage the weight acts 
with, in feet, by the weight in pounds; the fifth 



EmenoD'a MecfainicB, prop. Iziiii. cor. 3. 



13 X 13440 = 161980: 



W / = -7854 /r'; 
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part of the cube root of this product will be the 
diameter required io i[iche9. 

The most important applicatioD of this case is to 
determine the proportions for gadgeons and axles ; 
and this application vill be best illustrated hy an 
example. 

The greatest fifress upon a gudgeon or axle takes 
place when, from any accident, that stress is thrown 
upon the extreme point of its bearing. But besides 
the greatest possible stress we have to provide for 
wear ; perhaps ^th of the diameter may be allowed 
for this purpose. 

Now taking the length Z fer the length from the 
shoulder to the extreme point of bearing in inches, 
we have 

4. / W)i = d (1 - J) i or ^ (; W)* = d. 
Whence we have this practical rule: Multiply the 
stress in pounds by the length in inches, and the 
cube root of the product divided by 9 is the diame- 
ter of the gudgeon in inches." 

Example, Let the stress on the gudgecm be 10 
tons, or 22,4001b3., and its length 7 inches. Then 
7 X 33400= 156800: 



For vTOdght inm dWide bj 9*34. For wheel carriages leas 
than 3-iiicli a^e> the lengtli taey he S timea the diameter ; then 
for vrood^t iron, 

Abore 3 inchM it totj be 4 time* tbe diuoeter. 
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and the cnbe root of this number is 54 nearly ; sad 

the diameter required. 

Bat the stress of a gudgeon on its bearings ought 
to be limited, otherwise they will wear away very 
quickly : let us suppose this stress to be confined to 
a portion of the circumference, which is equal to 
f ths of the diameter of the gudgeon ; and that the 
pressure is limited to 1500 lbs. upon a scjuare inch, 
which is about as great a pressure as we ought to 
put on the rubbing surfaces when one of them is of 
gun-metal. In tliis case we shall have 



and to allow for a small jiortion of freedom we make 




If this value of I be introduced in the preceding 

equation, we have 

According to these principles the following Table 
has been calculated, and I hope it will be nseM. 
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TWfc (ff the Proportioat d/ Gudgtora and Aala for 
diferent degree* o/Stret*. 



Gudgeons exposed to the action of gritty matter 
may be made larger in diameter about ^th part. 

178. Prop. IV, To determine a rule for the ex- 
terior diameter of an uniform tube or hollow cy- 
linder'* to resist a given force where the etnun 
does not exceed the elastic force of cast iron. 

179. Case 1. When a tube is supported at the 
ends, and the load acts at the middle of the length. 
By art. 115 and 137, 

^= -7864 fi* (1 - N<) J 



" A cDnBiderable accuBion of aticnglh nnd sllifness is gi'insd 
by making shafts hollaw, nhich bas been illustrated id art. 115 ; 
but it it difficult to get them cut aaund, therefore shafts of this 
kind reqoini to be carefblly jirored. 
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hence, when d is the diameter in inches, I the length 
infect, and/= 15,300 lbs., we have 



180. General Rule. Fix on some proportion be- 
tween the diameters ; so that the exterior diameter 
is to the interior diameter as 1 is to N ; the number 
N will always be a decunal, and ought not to ex- 
ceed 0 8. 

Then multiply the length in I'cet liy the weight to 
be supported in pounds. Also, iimlti])ly 500 by 
the difference between 1 and the fourth power of N, 
and divide the product of the length and the waght 
hy the last product, and the cube root of the quo- 
tient will be the diameter in inches. 

The interior diameter will be the number N 
multiplied by the exterior diameter, and half the 
diiference of the diameters will be the thickness of 
metal. 

If the proportion between the exterior and in- 
terior diameter be fixed, so that tlie thickness of 



In a large shaft tliera should be a lolrrable bulk of roetdl lo 
secure a perfect casting. Mr. Buchanan, in hie 'Esanv on the 
HhaftB of Mills,' vol. i. p. 305, Bccond cdilion, (or page 202-3 in 
the edilion of 1 84 1 ,) describes a hollow ahaft of which the eilerior 
diameter wbj 16 iaches, and the interior one 13 inches, therefore 



This shsft nts for an over-«hot «nter-ifbeel of 16 feet diuneter. 




16: 19:: 1 : Ns— = -75. 

16 
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metal may be always ^th of the exterior diameter of 
the tube; then N = 6 ; and the rule is 

And there bain^ no (lill'truiicu bclwecii tliis tqiiatioii 
and that for a solid cyUiider, cxfept tlie constant 
divisor, wc have this rule: 

PuTtkuliir Kiih: Wiieii the thickness of metal is 
to he ^th of the diameter of the tube, let the dia- 
meter be calculated by the rule for a solid cylinder, 
art. 1 66, except that 435 is to be used as a divisor 
instead of 500. 

181. Example. Let the weight of a water-wheel, 
including the weiglit of the water in the buckets, be 
44,800 lbs., and the whole length of the Ehaft 8 feet ; 
from which deducting 5 feet,*' the vidth of the 
wheel, leaves 3 feet for tiie length of bearii^ : re- 
quired the diameter of a hollow shaft for it f 

Making N = '7, its fourth power is -2401 ; and 

l_.B40 = -76. 

nierefore, by the general mle we have 

= 354 in the mmtt whole nnmbm; 

600 X -76 

and the cube root of 354 is 7 mchea, the exterior 
diameter; and 

7 X -7 = 4'9 iochea, the fnteriin diameter. 
By the particular rule the computation ib easier, 
for it is 



The whed being; to framed that the pait at the length of 
the ihift it occuptei may be conaidered perfectly itrong. 
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and the cube Toot of 309 is 6*76 inches, the exterior 
diameter ; and the thickness of metal -J^th of this, or 
If inches nearly. 

Hie particular rule will be found to give a good 
proportion for the thickness of metal for con- 
siderable strune ; but 'm hghter woik, nhere stiff- 
ness is the chief object, recourse should be had to 
the general rule. 

182. Case 2. When ik tube is supported at the 
ends, but the strain is not in the middle of the 
length. When tlie necessary substitutions are made, 
we have, by art. 115 and 136, 

183. Rule. Multiply the rectangle of the seg- 
ments into which tlie strained point divides the 
beam, in feet, by four times the weight in pounds ; 
call this the first product. 

Multiply 500 times the length, in feet, by the 
difierence between I and the fourth power of N ; 
(N being the interior diameter when the exterior 
diameter is nni^ ;) caU this the second product. 

Divide the first product 1^ the second, and the 
cnbe root the quotient will be the exterior dia- 
meter of the tube in inches. 

Or, making the thickness of metal \th of the 
diameter, calculate by the rule art. 171, wang 435 
instead of 500 as a divisor. 
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184. Example. Let tlie weight of a wheel and 
other pressure upon a shaft be equal to 36,000 fts., 
the distance of the point of stress from the bearing 
at one end being 3 feet, and the distance from the 
other bearing feet; N being S; required the 
exterior and interior diameter of the shaft? 

The fourth power of 8 is "409, aod 
1 - '409 = -SSI. 
Therefore by the rule 

3 X l-j X 4 X 3<iOOO _ 
500 X 4-5 X -jyi ~ 

and the cube root of 485 is 7 86 inches, the exterior 
diameter, and 

7'S6 X -9 = 6'3 indiea, the interior diBtneler. 
Cases 3 and 4 are not likely to occur in the prac- 
tical application of ttibes, but they may be Eupphed 
by Cases 3 and 4 for solid cylinders, by dividing 
the diameter of the solid cylinder bv the cube root 
of the difference bt-hvceii 1 and tlie loiutli j rawer of 
N; or when the thiclvncss of uieta! is to be !tli of 
the diameter, divide by 435 instead of 500. 

185. Prop. V. To determine d rule for finding 
the depth of a beam of the form of section shown in 
fig. 9, Plate I., to resist a given force when the 
strain does not exceed the ehistic fui'ce of cast iron. 

186. Case 1. When the beam is supported at 
the ends, and the load acts in the middle of the 
length. By art. 1 IG and 137, 



Digilized Oy Google 



182 



KBfllSTANCB TO PRB8BURE. SECT. VII. 



ormakii^I=the lei^hinfeet, and/=lS^OOfike., 

w-"" <■-""•" 

187. Rule. Assume a breadth ab, fig. 9, that 
will answer the purpose the beam is intended for ; 
and let this breadth, multiplied bv some decimal q, 
be equal to the sum of the prnjectinj; parts, or, 
which is the same thing, equal to the ditierence 
between the breadth of the middle j)art and the 
whole breadth. 

Also, let p be some dedrnal whiv.h multiplied by 
the whole depth will give the depth of the middle 
or thinner part e/ in the figure. 

Multiply the length in feet by tlie weight in 
pounds, and divide this product by 850 times the 
breadth multipUed into the difference between unity 
and the cube of p multiplied by q ; the square root 
of the quotient will be the depth in inches. • 

If we nulieji = *7, and q = -6 ; then, 
850 (l-jp') = 675i 

tnd the rnla is 

673 

and the breadth of the middle part = '4 b, and the depth of the 
middle part '7 d. 

When the paita aie in tlicse proportione, the Bircngth is to 
that of the drcuiiBcribed rectangular section as 1 : 1-26, 

If, fUh the ume propoHiDiis, n-c make the breadth a b always 
one-fifth of the deptb 6 d, Sg. 9, the Btrenglh nDl be Co that of a 
iqnare beam of the same depth as 1 : 6-3 ; and the stiffness will 
be in the same proportion. 
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The figure of equal strength for this case is 
fomed by two common parabolas put base to base, 
as shown by the dotted lines in fig. 22 ; [or I : d* a 
property of the parabola, tlic other being constant 
quantities. Fig. 22 sliowe liow it may be modified 
to answer in practice. When a figure of equal 
Btrength is used, the depth determined by the rule 
is that at the point of greatest strtun, as C D in the 
figure. 

188. Example I. Rtijuircd tlie depth of a beam 
of cast iron of tlie form of section shown in tig. 9, 
Plate I., to bear a load of 33,600 lbs. in the middle 
of the length, the length being 20 feet, and the 
breadth, a 6, 3 inches? 

Take '625 for the decimal q, and '7 for the de- 
cimal p, which are proportions that will be found to 
answer very well ia practice." 

Then 

ao X «8600 _ 30x31600 _ . 
850 x 3 x(l--626 x-7f)- 3 x 667 * 

and the square root of 335-4 is 18 4 mches, the 
depth required. 
The depth bd being 18-4, the depth e/ will be 
18'4 X -7 = 13-8Binchraj alio, 
8 X -636 = 1-B73, aoi 



" Knee 

asp (1 — -635 X -7^ = 677 nearly ; 
whenever the itine praportimw ue uhiI, the diviaor 677 maj be 
employed uutead of repeating the calcnUtion. 
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S — 1-875 = 1125 mchea, 

the breadth of the middle part of the section. 

Comparing tins with the example, art. 147. it 
will be found tli;it the same weidit requires only 
about -frds of t)ic c[uantitv "i iron to support it. 
when the beam is formed in this manner. 

Ei'umj'lrt 'z. Ihe same rule ;i|i]ilies to determining 
the size o! the rails lor an iron raiiwav. where 
economy with strength and durabilitv is ol much 
importance. As the wciirlit has to move over the 
length of tlic rail, the ticure of equal strensth is 
that shown in Plate III. fig- only it should be 
placed with the straight side upwards. 

Suppose the weight of a coal waggon to be about 
4 tons, 8960 lbs. ; when the rails are shorter than 
twice the distance between the wheels, the utmost 
strain on a rail cannot exceed half this weight, or 
44801bB., which will be allowing half the strength 
nearly for acddents. The usual loigth of one rail 
is 3 feet,^ and supposing the breadth to be 2 inches. 



* It u worthy of considcrBlion whethir tliu be the mott eco- 
ninnieal lengtb, or not, for raila. Thii mijr be done u foUowi : 

Thevdglit otabar of iron, ui beh square and 700 feet long, 
li I ton i tiierefere, for a length of 700 feet, the area of the bar 
in bchei mnltlplied bjr the price of a ton of iron wOl be the 
■nonnt of 70O feet of lul. Make the kngtii of a uogla rail ; 
then, (upponng Ihe nul aH of the aame thidiaest, 
.W X 700 . 
^8S0x4, = * 
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then, by the manner of calculation shown in the 
note to art. 186, 



and the sqnare root of 

the depth, and wben it it ndnced at the endi, 

T X 700 _ 
50 X B* 

and calling A the price of a ton of iron ; and B the price of fixing, 
and maleriBla for one block ; then the price of 700 feet will be 
, , , /W X 700 , „ '64 A V"WT , „ 

•'^'^-65oT:r+'"= v-v 

Hence hj the roles of mamma and minima it ^petn that the 
price irill he the leait when the numher of tapporta for 700 
bet ii 

vhereia W i> half the weight of a waggon and its load in tb*. 

The ■ame cqaation will apply to the new railway invented by 
Mr. Palmer, when W 'us made the whole weight of the waggon 
in fti. 

An example will illiulrate the application : Let A the price of 
a ton of iron b« £6; B the price of one aivpoTt £0'fii the 
wdght of a waggon 8960 Bh. ; and the breadth of tlie rail 3 
incbea. Then 

^ •82 X 8 X 8960 X a y _ . 

that i), there ihonld be 69 lopportt m 700 leet, m order that the 
eipense may be the least posuble at these pricea, and for theee 
proportions ; wiiich makei the distance of the »opport> nearly 8 
feet. But it ehould be understood that these prices are only 
what I have inserted for iQottntion ; they are not from actual 
estimate. 



186 HB8IBTANCE TO FBBB8UBB. SECT. VII. 

9'96 = 3-16 inchei, 

the depth in the middle of Ha tengtb. 
Also, 

3-IG X -7 = 2-312 inchea, 
the depth of the tliin part in the sec^on at the 

middle of the length, and 

■2 X -4 = 0-8 inch, 

the tliicltncss of the middle part of the section. 

The depth of a raU, all of the same thickness, 
would be 2-83 inches in the middle, caleulated by 
Rule 2, art. 145. 

Example 3. In Palmer's railway a single rail 
carries the waggon and let its w«ght be 8960 lbs., 
and the length of the rail 8 feet, its breadth 3 inches. 
By the rule 

WI^ 8960XB _ 
676 6 675 X 3 

The square root of 35-4 is very nearly 6 inches, the 
depth required ; and the depth of the middle part 

6 X ■7 = 4-2 iodie*. 

The breadth 3 inches, and breadth of middle part 

8 X -4 = 1-3 incliea. 
These are the dimensions for the middle of the 
length ; hut the under edge should he the figure of 
ecgual strength, Plate III. fig. 24, with the etnught 
side upwards. 

OemiptiDn of m Saha-y on m New Prbciple, by H. R. 
Mmer, Svo. London, 1623. 



Digilized by Cougli: 



SECT. VII. RBSIBTANCB TO PRS88URB. 



187 



189. Case 2. When the beam ie supported at 
the ends, but the load not applied in the middle 
between the supports. When I is the length in 
feet, and/= 15,300 lbs., 

4 F H X F' B X W _ „ 
850 i (I -p' 9) 

by art. 116 and 13G. 

190. Rule. Multiply the rectangle of the seg- 
ntents into which the strained point divides the 
beaio, in feet, by 4, and divide this product by the 
length in feet ; use this quotient instead of the 
length of the beam, and proceed by the last rule. 

191. Example. Let the load to be supported be 
33,600 lbs. at 5 feet from one end, the whole length 
being 20 feet. Also, let the breadth of the widest 
part a 6, fig. 9, be 4 inches. 

Here FB = 5 feet, therefbra FB = 15 feet, and 

4)CSX15 _ 
20 

the raultipller to be used instead of the whole length 

ia the rule. 
Let p = -7, and 9 = -625 ; then 

15 X 33600 15 x 33600 ,„„ , 

S60 X 4 X tl - -625 X -7*) = 4 x 677 = "^^^^ 

of which the square root is 13*5 indies, the depth 
required. 

The depth ef will be 

■7 X 13-5 = 9-45 inches, 
and the breadth of the middle part of the section 
will be 
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4 - 4 X -626 = 4 - 2-5 = 1 5 inches. 

192. Case 3. Wheo the load is uniformly dis- 
tributed over the length of & beam. In this case 

Wf _. , 

i;O0 

by art. 116 and 139. 

193. Rule. Use half the weight instead of the 
whole weight upon the beam, and proceed by the 
rule to Case 1, art. 187. 

The form of equal Btrength for this case, when 
the breadth is uniform, is an elhpse, but in practical 
cases it will require to be altered to the form shown 
in fig. 24. 

194. I propose to give as an example of this 
rule, its application to the construction of fire-proof 
buildings; but it also applies to rafters, girders, 
bressummers, and all cases where the load is uni- 
formty distributed over the length. 

A fire-proof floor is usually formed by placing 
parallel beams of cast Iron across the area in the 
shortest direction, and arching iKtween the beams 
as shown by fig. 10, Plate I., with brick or other 
suitable material. Or they may be done by fiat 
plates of iron resting on the led^, with one or two 
courses of bricks paved upon the iron plates ; and 
when the distance of the joists is considerable, 
the iron plates may be strengthened by ribs on the 
upper side as the floor plates of iron bridges are 
made. 

When arches are employed, floors of this kind 
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are least erpenure when the arches are of con- 
dderable epan ; but thea it is necessary to provide 
against the lateral tbnist of the arches by tie bars. 
Also, since the arches aught to be flat, we van only 
extend them to a limited span, otherwise tliL-y would 
be too weak to answer the purpose. For instance, 
when an arch is to rise only i\,t]i of llie span, and 
to be half a brick or 4^ inches thick," the greatest 
span that can be given to the arch with safety in a 
floor for ordinary purposes is feet. If the arch 
rise only rith of tlie span, the span must be limited 
to 4 feet; and if it rise only i\th of the span, it 
must be limited to 3 feet. 

Again, for arches of one brick, or 9 inches, to 
bear the same load, and the rise ^th of the span, 
the greatest span that can be given with safety is 
8 feet when the rise is f'ath of the span, 7 feet ; 
and when the rise is only ^^ih of the span, the 
greatest span should not exceed ii foct. 

These limits were calculated from tlie ordinary 
strength of brich, and on the supposition that the 
load upon the fioor will never be greater than 
I709)B. upon a superfidal foot, in addition to the 
weight of the floor its^. If the load be greater, 
the span must be less, or the rise greater.** 

For half brick arches the breadth of the beam cd, 

" Rail, of curv. (i-7j ftil. 
*> Rad, of curv-, l->-e fed. 

** See also ElemeDtary Principles of Carpenlry, art. S49 and 
3701 edition by Mr. Bvlow, 1840. 
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fig. 9, should be about 2 inches ; and for 9-incii 
arches, from 2^ to 3 inches. 

Example. It is proposed to form a fire-proof 
room, but irom its situation it cannot be vaulted in 
the ordinaiy way on account of the strong abut- 
ments required for commoa vaulting, and also com- 
mon vaulting is objectionabic, bernvise so much 
Bpace ia lost in a low room. Thi: Kliork'sl direction 
across the room ia 12 Tect, and if inn: biiinis of 
3 inches breadth be laid across at ;> feet apart, and 
arched between witli it-inch brick arches, it is re- 
quired to find the deptli for the hearas ? See fig. 10, 
Plate I. 

The quantity of brick work resting upon 1 foot 
in length of joist will be 

S X -78 = S-JS cubic feet ; 
and the wdght of a cubic foot being nearly 100 fits., 
the weight of the brick work wiU be 375 lbs. 

But since the space above is to be used ; and the 
greatest probable extmueous weight that will be in 
the room nil! arise from its being filled with people, 
we may take that weight at 120Bts. per superficial 
foot, and we have 

6 »< 130>ii600«i. 

for the wog^t oa 1 foot in length. And supposing 
the paving and iron to he 350 9>b. for each foot ia 
length ; the whole load on a foot in length wiD be 
376 + GOO + seo = i3aa Im. or 
la X 1396 = lJt900flM. 
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the whole weight upon one joist. And as half this 
weight multiplied by the length, and divi<led by the 
breadth and constant number/* is equal to the 
square of the depth, we have 



of which the square root is nearly 7 inches, the 
depth required. And 

7 X -7 = 4-9 inclics 

the depth of the middle part, and 

3x4 = 1-2 

the breadth of the middle part. 

By fixing the breadth, you avoid tiie risk of cal- 
culating for a thinner beam than is sufficient to 
support tinnly the abnttii^ course of bricks. 

By means of this example we may ea^y form 
8 small Table of the depth of beams for fire-proof 
floors, whidi will be often useful: in so doii^, I 
shtdl not r^ard the difference between the weight 
of a 9-inch and a 4i-inch floor; because the lighter 
floor wiU be more liable to acddents irom percus- 
sion, and therefore shonld have excess of strength. 



* Bee note to Bde, art. 186. 
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Table of Gut Iron Joatt for Fire-proof Floort, tahai the 
extraneout load it not ffreater tfian 1201bs. on a tyter- 
ficialjimt [see Fu>OM, AlphAetkal Table). 
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For half brick arches the breadth a h, fig. 9, 
Plate I., is to be 2 inches, and tlic tliickness of the 
middle part ^ths of an inch ; the depth e / being 
^ths of the whole depth ; and the whole depth is 
g^ven in inches in the Table for each length and 
span. 

For 9-inch arches the breadth ah, fig. 9, is to be 
3 inches, and the breadth of the middle part 1 inch 
and ji^ths. The depth i^ths of the whole depth, 
as in the 4}-iiich arches. 

If the floor be for a room fiS greater span than 
about 16 feet, let the beams be put 8 feet apart ; 
and put the beams for 8 feet bearing across at rig^t 
angles to ttie other, in the manner of binding joists, 
and arch between the shorter beams. By casting 
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the shorter beams with flanches at the ends, they 
can be bolted to the other, and a complete firm 
floor be made. This method has also the advantage 
of rendering it extremely easy to fix either a wooden 
floor or a ceiling. 

The construction of these floors renders a place 
secure from fire witliout !n=K of space, and with 
very little extra expense ; it mav be of infinite use 
in the preservation of deeds, libraries, and indeed of 
every other species of property. In a public mu- 
seum, devoted to the collection and preservation of 
the scattered fragments of literature and art, it is 
extremely desirable that they should be guarded 
against fire ; otherwise they may be involved in one 
common ruin, more dreadful to contemplate than 
their widest dispersion. 

195. Case 4. When a beam is fixed at one end, 
and the load applied at the other. Also, when a 
beam is supported upon a centre of motion. By 
art. 116, 

or when Z ie in feet, and /= 15,300 lbs., 

W f _ , „ 
312 ■ 

196. Sub 1. Calculate by the rule to Case 1, 
art. 187, unng 2V2 instead of 850 for a divisor. 

Or when the breadth of the middle is made j^ths 
of the extreme breadth, and the depth efia fig. 9 is 
i^ths of the wh(de depth; then, calculate by the 
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rules art. 144, 145, or 146, vang 168 instead of 
850 as a divisor. 

The figure of equal Htrength is a parabola ; see 
figs. 25 and 26. 

197. Rule 2. If the weight be nnironnly distri- 
buted over the length, take the whole load upon 
the beam for the weight, and calculate by the rule 
to Case 1, art. 187, except using 425 instead of 850 
as a divisor. 

198. Prop. VI. To determine a rule for finding 
the depth of a beam when part of tlie middle is left 
open, as in figB. 11, 12, and 27, so that it will resist 
a given force ; the strain not exceeding the elastic 
force of the material. 

199. When the depth is more than 12 or 14 
inches, angular parts in tlie middle become necessary, 
as in fig. 27 ; the disposition of the middle part may 
in a great measure be regulated by fancy, provided 
it allows of sufficient diagonal and cross ties to bind 
the upper and lower parts together. The middle 
parts should lie made of the same size as the other, 
in order that they may not be rendered useless by 
irregular contraction. 

If the beams be required so long as not to be 
made in a single casting, and it is not a good plan 
to cast in very h)Dg lengths, then they may be 
joined in the middle, as in fig. 27. The connexion 
is made at the lower tade only ; at the upper rade 
let the parts abut against one another, with only 
some contrivance to steady them while they become 
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fixed ia their places and loaded. Fig. 28 is a plaa 
of the under side, showing how the connexion may 

be made. 

200. Case 1. When the beam is supported at 
the enda, and the load acta at the middle of the 
length. By art. 117 and 137, 

or making 1= the length in feet, and/= 15,300 fi»., 



860 (1 -p") 

Now, in general, we may make p = -7, and then, 

668 ■ 

or, in practice,^^ 



201. Rule. Multiply the length in feet by the 
weight to be supported in pounds ; and divide this 



BDd the depOt rfthe tecdoa at A.B or C D, iig. 1 1, Plate H., niU 
betiieMiiMMdi«bieidtho(Aeb«wii. Jlnd h As eqimticn for 
a BquBTa beam of die muh depth^ 
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product by 560 times the breadth in inches ; the 
square root of the quotient will be the depth re- 
quired in inches. Consult art. 41 and 43 respecting 
the form of beams of this kind. The depth between 
the upper and lower part of the beam will be '7 d 
inch, where d is the depth found by the rule. 

202. Example. A beam for a 30-feet bearing is 
intended to sustain a load of 6 tons (13,440 lbs.) in 
the middle, the breadth to be 4 inches ; required 
the depth? 

By the rule 

30 X 13440^ 
4 X 560 

the square root of 180 is nearly 13'5 inches, the 
whole depth. 
The depth between the upper and lower part is 
•7 X 13-6 = 9-4S incbn. 
- ffthe depth be given, suppose 16 inches, and the 
breadth be required, then 

30 X 13440 _ g.gj breadth in inches ; 
16 X 16 X 660 

when the depth is 16 inches, and the depth between 
the upper and lower parts is 

-7 X 16 = 11-2 inches. 

203. Case 2. Wlien a beam is supported at the 
ends, but the load is not applied at the middle. 

When I is the length in feet, p='7, and/= 
16,300 fts., 

4 BC X CD X W _. -J 
558/ 
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(see fig. 12, Plate II. ;) or 

BC>tCDx_W_. 
139 i ~ ' 

204. Rule. Multiply tlie rectangle of the seg- 
ments into which the strained point divides the 
beam, in feet, by the weight in pounds, and divide 
this product hy 139 times" the length in feet mul- 
tiplied hy tlie bi cadth in inches ; the square root of 
the quotient will be the depth required in inches. 

The depth between the upper and lower side will 
be '7 X by the whole depth. Consult art. 41 and 
43 respecting the form, &c. of beams of this kind. 

205. Example. Let C B, fig. 12, be 10 feet, and 
DC,6feet; and therefore B D the length, 16feet; 
and the weight to be supported at A, 20,000 lbs., 
the breadth of the beam being 2 mches ; required 
the depth? 

By the rule 

10x 6 x 20000 ^ 
139x16x3 

and the square root of 270 is 16^ indies nearly. 
Also, 

-7X 16-fi=:ll'S5bchEB 

= the depth from a to i in fig. 12. 

206. Cote 3. When a Irad is distributed uni- 
formly over the length of a beam. When the 
length is in feet, p = 7, and/=: 15,300 tbs.. 



^ In pndice it will be Bufficiently accurate U 
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1116 ' 
by art. 117 and 139. 

207. Rule. Multiply the vhole w^ght in pounde 
by tiie length in feet ; divide this produrt I7 1 1 1 6 
times the breadth in inches, and the square root of 
the quotient will be the depth in inches. 

Multiply tEus depth 1^ '7, which will ^ve the 
depth between the upper and lower parts. Re- 
specting the form of the beam, see art. 41. 

208. Ettm^le. It is required to Support a wall, 
20 feet in height, and 18 inches in thickness, over 
an opening 26 feet wide, hy means of two beams of 
cast iron, each 3 inches in thickness ; required the 
depth ? 

Suppose El tubic foot of bricli-work to weigh 
100 lbs. ; then 

30 K 1-5 X 26 X 100 = 78000 tba. 

the weight of the wall. 
Therefore by the rule 



and the squ^ root of 303 is 17^ inches, the depth 
required. 

The depth between the upper and lower parts is 
■7 X 17'6 — 12'25 inchei. 

209. Case 4. When a beam is fixed at one end, 
and the load ts applied at the other. Also, when 
the load acts at one end of a beam supported on a 
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centre of modon. By art. 117 ve have, when the 
length is in feet, p = 7, aml/= 15,300 fts., 

210. Rule. Calculate by the rule to Case 1, art. 
201, using 140 insti^ail of r>(i(l for a divisor. 

If the weight be uLiifunnly distributed over the 
length of a beam iixoil at oni: ctkI, divide the weight 
by 2, and proceed as above directed. 

DEPLBXION PROM CROSS STRAINS. 

211. Prnp. VII. To determine a rale for finding 
the di;flu-Mon of a cast iron beam, when the section 
is rectangular, and uniform throughout the length ; 
the strain being 15,300 lbs. upon a square incb. 

The same rules will apply to solid and hollow 
cylinders, to beams formed as figs. 9, II, 12, and 
2(i, when they are umlorm throughout their length, 
and the depth used as a divisor is the greatest depth. 

212. C<ue 1. When a beam is supported at the 
ends, and loaded in the middle, as in fig. I. 

By art. 121, 

= the dcfleiion, 

when t = half the length ; therefore, 
3rf X D A_ _ 

the greatest extension of an inch in length while 
the elastic force remains perfect. According to the 
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experimeBt described in art. 56, the elastic force 
was perfect when the bar was loaded with 300 tba. ; 
hence we have 




= e the extension of an inch in length, by a force 
equal to 15,300 St8.npOQasquare inch; or generally, 
cast iron is extended part of its length by a force 
equal to 1 5,300 Q>s. upon a square inch. 

J{ this value of e be substituted in the equation, 
and J be made the whole length in feet, we have 

2 X '00083 X 12! X f 

3x4xrf^ = ^*-" 

■01992 P „ . 
—a— = DA: 

hence it appears that the equation 

may be used without sensible error. 

Consequently, the deflexion of an imiform rect- 
angular beam supported at the ends may be deter- 
mined by the following rule : 

213. Sule. Multiply the square of the length in 
feet by '02 ; and this product divided by the depth 
in inches is equal to the deflexion in inches. 

214. Exangile. Bequired the deflexion m the 
middle of a beam 20 feet long, and 15 inches deep, 
when stramed to the extent of its elastic force ? 

By the rule 
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therefore a beam loaded aa ia example (art. 147), 
vill bend more than half aa indi in the middle. 
If it be wished to reduce it to a quarter of an inch, 
double the breadth. 

The deBexion of an uniform beam may also be 
found by Table H. art. 6. 

215. date 2. When an uniform rectangular beam 
is supported at the ends, and the load is equally 
distributed over the lengtli. It has been shown in 
art. 139, Equation viii., that in this case the strain 
at any point is as the rectangle of the segments into 
which tliat point divides the beam ; and the deflexion 
for that case is calculated by art. 126^ Equation vii. 
And by comparing Equation ii. and vii. 

JL J. 02 1' 025 f 
3 ' 6 ' ■ d d ' 

Therefore the deflexion D A in the middle of a beam 

■£■ 1 1 J J ■ '023 

uniformly loaded is = — ^ — 

216. Rule. Multiply the square of the length in 
feet by '025 ; and the quotient, from dividing this 
product by the depth in inches, will be the deflexion 
in the middle in inches. 

217. Example. Let it be required to determine 
the deflexion that may be expected to take place in 
the example to Case 3, Prop. i. art. 152, where the 
length is 15 feet and the depth 12} inches 7 

By the rule 
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the deflexion required. 

218. This mode of calculation may often remove 
groundless alarm, as well as iuform us when a 
structure is dangerous; for if a beam be loaded so 
as to bend more than is determined by the rule 
which applies to it, the structure may be justly 
deemed insecure. We also, by this mode of calcu- 
lation, have an easy method of trying the goodness 
of a beam : for let it be loaded with any part, as for 
example Jth of the weight it should bear, then the 
deflexion ought to be }th of the calculated deflexion. 
When a beam is tried by loading it with more than 
the weight it is intended to bear, it may be bo 
strained as to break with the lesser weight, be^des 
the difficulty and danger in trying such an experi- 
ment. 

219. Cote 3. When a beam is lixed upon a 
centre of motion, and the force applied at the other 
end, the flexure of the fixed part being inseneible. 
The cranks of engines are in this case. 

The flexure will be the same as in Case 1, art. 
212, hut the length of the beam being only half the 
length in that case, we have 

^21£? = D A the deflsxion. 

220. Case 4. If an uniform rectangular beam he 
fixed at one end, and the force be applied at the 
other, the deflexion of the end where the force is 
applied will be 
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For the deSexion from the extensioD of the pro- 
jecdng part of the beam is > where I is the 
lei^th of that part in feet ; and if r he equal the 
te.sthoffarfp»ri. jj^^^ ^ EquaUon iii. art. 133. 

I21£!x 0 -f-r) = thedeflezioa. 

221 . Rule. Divide the length of the fixed part of 
the beam by the length of the part which yields to 
the force, and add 1 to the quotient ; then multiply 
the square of tlie length in feet by the quotient so 
increased, and also by 08 - this produet divided by 
the depth in inches will give the deflexion in inches. 

222. Example. Conceive a beam, AB, fig. 2fi, 
to be uniform, and to be the beam of a pumping 
engine, the end B working the pumps, and the end 
A where the power acts 10 feet from the centre of 
motion, the end B 7 feet from the centre of motion, 
and the strain at B equal to the elastic force of the 
beam ; through how much space will the point A 
move before the beam transmits the whole power to 
B, the depth of the beam being 12 inches ? 

In case, 

^=-7,«>dl + -7 = l-7j 

therefore, 

1-7 X 10 X 10 X -oa _ 



323. Prop. VIII. To determine a rule for finding 



304 



HBStSTANCS TO PBEB8URX. SKCT. VII. 



the deflexioD of a cast iron beam, of unifOTm 
breadth, when the outline of the depth is a para- 
bola, the Btram being equal to I5,3001bs. per 
aqtuure inch. 

The same rules wiU apply to beams of the form 
of section shown in figs. 9 and'll, when the breadth 
is uniform. 

224. Case 1. When a beam is supported at the 
ends, and the load is applied in the middle. 

The deflexion for tiiis case is calculated in art. 
Ecjuation iv, ; and comparing it with the de- 
flexion of an unilbroi beam we have 

2 4 -02 -04 .V J ■ 

— : — ; : — - — : — ^ — — the dcfleiion. 

225. Rule. Multiply the square of the whole 
length of the beam in feet by 04 ; divide the pro- 
duct by the middle depth in inches, and the quoUent 
will be the deflexion in inches. 

326. '^ampU. Let the depth of a beam be 18-4 
inches, and its lei^;th 20 feet, which is on the sup- 
poation that the beam, of which the depth is found 
by example to Case 1, Prop. t. art 186, is para- 
bolic. By the role 



the deflexion reqmred. 

If the beam were of uniform depth, the deflexion 
would be only half this quantity, or '435. 

227. Gate 2. If a parabolic beam of uniform 
breadth be fixed at one end, and the force be ap- 
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plied at the other, the deflexioD of the end where 
the force is applied will be . 

^(>+')- 

where I is the length of the part the force acts on in 
feet, and r = the quotient arising from dividing the 
length of the fixed part by the length I. 

228. Sale. Divide the length in feet of the fixed 
part of the beam by the length in feet of the part 
which yields to the force, and add 1 to the quotient. 
Then multiply the square of the length in feet by 
the quotient so increased, and also by '16; divide 
this product by the middle depth in inches, and the 
quotient will be the detlexion in inches. 

229. Example. Let AB, fig. 26, be the beam of 
a steam engine, the moving force acting ut A, and 
the resistance at \l, C being the centre of motion ; 
when A C = 12 feet, and C B = 10, and tiie depth 
in the middle 30 inches ; it is required to determine 
the space the point A bends through before tlie full 
action is exerted on B, tlic strain being equal to the 
elastic force of tlie material ? 

In this case the length of the part C B, which 
may be considered as fixed, is 10 feet, and 
15-= -833, and 1 + -833 = 1-888 ; 

therefore, 
12 X 13 X 1-833 X -16 ^ lax aax-ie , 

30 30 

the deflexion of the pinnt A. 
Few people are aware of the extent of flexure in 



306 



RBSiaTANCB TO PRESSURE. SECT. VII. 



the parts of engines, and particularly when they are 
executed in a material which has been considered as 
nearly inflexible. In a well contrived machine, the 
importance of making the parts capable of Irans- 
mitting motion and power with prcoisioii and regu- 
larity must be so obvious, that it appears almost in- 
credible how much tlie laws of resistance liave been 
neglected. 

230. Prop. IX. To determine a rule for finding 
the deflexion of a cast iron beam of uniform breadth, 
when the depth at the end is only half the depth at 
the middle, the strain being equal to 15,300 lbs. on 
a square inch. 

231. Case 1. When a beam is supported at the 
ends, and the load is applied in the middle. By 
art. 127, Equation viii., 

llHilil = D A the dsflBzum ; 

vhen this is compared with Eqaatioa ii. art. 121, 
we have 

1 , 1-09 . : : . DA Ih. d*»... 

232. Rale. Multiply the square of the length in 
feet by '0327, and the product divided by the depth 
in the middle in inches will give the deflexion in 
inches. 

233. Owe 2. When a beam is fixed at one end, 
and the force is applied at Hie other. In this case 

lilii (1 + r) s the deflexion. 
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234 Rule. Calcvdate the deflexion by the rule, 
art. '228, excejit chan^g the multiplier to '13 in- 
stead of '16. 

235. Prop. X. To determine a rule for finding 
the deflexion of a beam, generated by the revolution 
of a cubic parabola, the strain being equal to 
15,300 fts. on a square inch. 

The same rules will apply to any cases where the 
sections are similar figures, and the cube of the 
depth every where proportional to the leverage the 
force acts with. 

236. Case 1. When a beam is supported at the 
eude, and the load is applied in the middle. 

By art. 124, Equation v., 

^LI^ = D a the deflexion : 
and comparing this vith Equation ii. we have 

237. Rule. Substitute -036 in the place of -04 
in the rule to I^p. viii. art 225, and then cal- 
culate the deflexion by that rule. 

238. Case 2. When a beam is fixed at one end, 
and the force acts at the other. 

In this case 

.J.^ii= the deflexion. 

239. Rule. In the rule to Prop. viii. art 228, 
use '144 instead of '16 as a multiplier, and calculate 
the deflmon by that rule, so altered. 
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240. Prop. XI. To determine a role for finding 
the deflexion of a cast iron beam, of uniform 
breadth, the depth being bounded by an eHipse; 
the strain being equal to 1 5,300 fts. on a square 
inch. 

If the EquationB ii. and vi. be compared, it will 

be found that 

?.. .857 = = 5=11 : = the defledon. 

3 d d 

241. Rule. The deflexion may be calculated by 
the rule to Prop. vni. art. 225, if the multiplier 

0257 be employed instead of 04. 

242. Prop. XII. To determine a rule for the de- 
flexion of a beam of uniform depth, when the 
breadth is bounded by a triangle, the stnua upon 
a square inch being 15,3009)8. 

From Equations ii. and iii. art 121 and 122, we 
have 

3 d i 

243. Case 1. When a beam is supported at the 
ends, and loaded in the middle. 

244. PmU. Calculate by the rule to Prop. viii. 
art. 225, unng *03 instead of '04 as a mnltiplier. 

245. Case 2. Wh«i a beam is supported at one 
end, and fixed at the other. 

In thb case 

" ^^^ -. = die doflozHni. 



246. Rule. Calculate the deflexion by the rule to 
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Prop. Till. art. 228, using '12 as a multiplier iostead 
of 16. 

247. The rules derived from the twelve pre- 
ceding propositions are applicable to any kind of 
material. For example, let it be required to adapt 
any one . of tbe rules for oak : in the Alphabetical 
TMb at the end of this Essay, art. Oak, it appears 
that oak is 0*25 as strong as cast ironi therefore, 
in a rule for strength, multiply the constant number 
by 0-25. Thus in the rules to Prop. i. Case I , 

830 X 0 25 = 212-5. 

the number to he used in these rules when the ma- 
terial is oak. 

Again, oak is 2*8 times as extensible as cast 
iron ; consequently the deflexion being found for 
cast iron, 2'8 times that deflexion will be the de- 
flexion of oak, when it is strained to the extent of 
its elastic power. 



SECTION vni. 



OF LATKHAL STIFFNESS. 

248. Definitions. The stiffness of a body is ita 
resistance at a given dedeidon. And the lateral 
etiffsess is the stiffiiesB to resist cross pressure. 

249. Prop. XIII. 7h determine the stiffness of or 
uniform bar or beam, of which the section is a reet- 
angle, when fixed at one end, to resist a weight at 
the other; or stqtported in the middle on a centre to 
support a streit at each end. 

When a beam is struiied to the extent of its elas- 
tic force, we have the weight it will bear, or 

^ — eT 

(by art. 1)0,) and the deflexion under that strain 

will be 



(by art. 121 and 133, Equation iii.) Then, since 
the deflexion is proportional to the strain, if a be 
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the given deflexion, and w the weight which pro- 
duces it, we have 

and because —ssm, (art. 105,) we have 

If the length be in feet, then 

Miaiii<l±£2 = si. (HO 
Now in cast iron m = 18,400,000 fts. ; therefore 



Where L = the length in feet, a the deflexion in 
inches, b and d the breadth and depth in inches, and 
w the wdght in pounds ; and r = the length of the 
fixed part divided by L. When ** = I , the lengths 
are equal, and (1 + r) = 2. 

250. If the fixed part be of considerable bulk in 
respect to the other, we may neglect its effect on 
the deflexion, and in that case 

<"■> 

If in any of the preceding equations the breadth 
be diminished while the depth is unifomi, the flexure 
wil! be increased ; and when tlie outline of the 
breadths becomes a triangle, this increase is half 
the deflexion of a beam of uniform breadlh ; or 
the deflexions with the same strain are, as 2 : 3 
(art. 122). 
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If the breadth be every wliere the same, but the 
beam be made the parabolic one of equal strength, 
then the deflexion will be twice as great as that of a 
beam of uniform depth (art. 123), and the general 
Equation iti. becomes 

«y ii+r) _ 

-—aSTi—-'"'- f^'> 
ff the breadth be every where the same, but the 
outlines of the depth be straight lines, and the depth 
at either of the extremities half the depth at the 
point of greatest stram, then the deflexion is to that 
of R beam of uniform depth as 1'635 : 1 (art. 127) ; 
and Equation iii. becomes 

1628 o ^ ■' 

I shall illustrate this propoution by examples of 
its application to beams of pumping engines, cranks, 

and wheels. 



UEAMS FOR PUMPING ENGINES. 

251. Example. Let it be required to determine 
the breadth and depth of a beam for a pumping 
engine, its whole length bemg 24 feet, and the parts 
on each side of the centre of motion equal; and 
the stndnii^ force 30,0009)3., the deflexion not to 
exceed 0*25 inch. 

First, on the supposition that the beam is to be 
uniform, then, by Equation iii. art. 249, 

vlfn + ri 30000 X la' X (1 + n . _ 
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If the breadth be made 5 inches, the depth shouhl 
be SrS inches; for 

3r5» X 5 = 156279, 

which very little exceeds 135,790. 

But if the depth at the middle be double the 
depth at either end, use 1628 as a divisor instead 
of 2662 ; and calculating by Equation vi. we find 
bd^ = 254,742, and if the breadth be 5 inches, the 
depth should be 37 inches. 



252. Example. If the force acting upon a crank 
be GOOOlbs., and its length be 3 feet, to determine 
its breadth and depth so that the deflexion may not 
exceed j^th of an inch. 

To this case. Equation iv. art. 250, applies, and 

If the breadth be made 3 inches, the depth should 
be 6 inches, for the cube of 6 X 3 = 648. 

When the depth at the end where the fiirce acts 
is half the depth at the axis, use 1628 instead of 
2662 for a divisor. 



WBBBL8. 

253. For wheels, if N be the number of arms, or 
radii, our equation should be 
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254. Example 1 . Let the greatest force acting at 
the circumference of a spur-wheel he 1600 fts., the 
radius of the wheel 6 feet, aod the number of anna 
8; and let the deflexion not exceed ^Ui of an 
inch. 

Then by the Equation, art. 253, 

WL» 1600 X 6'' ... 
'26WS~i= 26G2 X 8 X 1 = * = 
If we make the breadth 2 5 inches, then 



and the cube root of 65'2 = 4 03 inches, nearly, for 
the depth or dimension of each arm, in tlie direc- 
tion of the force. 

When the depth at the rim is intended to be half 
that at the axis, use 1628 as a divisor instead of 
2662 for a divisor. 

If a wheel be strained till the arras break, the 
fractures take place close to the axis ; there is a 
sensible strain at the part of the arm near tlie rim, 
but it is so small in respect to that at the axis, that 
its eifect is neglected in our rule. 

Example 2. When the stress on the teeth is 
1090 lbs. Suppose the wheel to be 4 feet radius, 
with 6 anns; and that a flexure of ^ths of an inch 
will not sensibb^ afiect the action uf the wheel-work. 
Also, let the arms he diminisbed in depth bo as to 
be only half the depth at the rim of the wheel ; the 
breadth being fixed at 2 inches. 

By the Equation, art. 253, we have 
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But the cube root of 18 is 2G2 inches; conse- 
quently nest the axis the arms should be 2 by 2*62, 
and at the rim 2 by 1*31, in order that the play in 
applying the power may not exceed ^ths of an 
inch. This rale ^res the quantity of iron, with 
the rectangular eectioti, but let it be disposed in the 
form of greatest strength consistent with that re- 
quired for casting. 

AguD, let the pinion to be moved 1^ the pre- 
ceding wheel have a radius of 0'75 fimt, with four 
arms, and the breadth of the arm 2 inches ; the 
angular motion produced by the flexure being the 
same as above; that is, if 

4:-a;;-7S:-0S75 = a. 

Then, 

WL' 4 WL' 

I638iaN~~I638tHx -3' 

ISaS X 2 X 4~^ M-o . 

The cube root of '94 is -98 nearly, for the thick- 
ness of the arm at the axis. 

255. I think we may in most cases allow a flexure 
of i^ths of an iooh for a wheel of 4 feet radius for 
the e%ct of the arms, and other ^ths for the 
flexure of the shafts. In consequence, therefore, of 
such an arrangement, the straigth of the arms will 
be expressed by a more umple equation ; as well as 
the strength of the shafts to be treated in the section 
on Torsion. 
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When the flexure la 0*2 for a.radius of 4 feet, 
it is vei; nearly a quarter of a degree ; and with 
this degree of flexure, the arms of equal breadth, 
and the depth at the rim half the depth at the axis, 
we have 



Hence we liave this practical rule. Multiply the 
stress at the pitch line in tbs. by the square of the 
radius in feet ; and divide the product by 81 times 
the breadth multiplied by the number of arms ; and 
the cube root of tlie quotient will be the depth of 
the arm at the axis, and half this depth will be the 
depth at the rim. 

If the thickness of the rim be made equal to the 
thickness of the teeth, and the breadth be propor- 
tioned by the Table, art. 1 58, then the numbw of 
arms should be 1^ times the radius of the wheel in 
feet, divided by the square of the tfaidcness of the 
teeth in inches, taken in tiie nearest whole irambeis : 
it IB nsnal to make an even nnmber of arms ; bnt 
there does not appear to be any reason for adhering 
to this practice. "Wheels are often broke ui the rim 
by wedging them on to the shaft ; but the practice 
of fixing the wheels on by wedges has now g^ven 
way to a much superior one, which consists in 
boring the eye truly cylindrical, and the shaft being 
turned to fit the eye, the wheel is retained in its 
place by a slip of iron, fitted into corresponding 
grooves in the shaft and in the eye of the wheel. 
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256. Prop. XIV. To determine the tUffneig of an 
unifomi bar, or beam, supported at the ends, to resiit 
a cross strain in the middle. 

If a beam be rectangular and unifomi; then, 
making a the greatest deflexion that it ought to 
, we have by Equation ii. art. 121, and art. 



And as 



<ait. 105 ;) K 



(ix.) 



When L = the length in feet, then, 
" 432 ' 

This equation answers for any material of wliii;h the 
weight of the modulus of elasticity is known ; and 
this will be found in the Alphabetical Table at the 
end of this Work, for almost every kind of material 
in use. Its application to cast iron will be euffident 
for an example. 

' B; same error of compatalion, Rvfeuor LesUe tneka this 

^ 6niti*a 

-671- = -. 

(ElemcDtB of Nat. FUl. vol. i. p. S37 ;) mi, comeqiiently, dnwB 
an erroneons meaaure of the modulua of elaatidty from the eipe- 
rimeats in iirt. 53 and SG. The equation I have arrived at is the 
game aa Di. Young had previously detennined. (tee hia Nat. 
FhiloB. vol. ji. art. 326,) 2 e in hU eqaotion bong equal I in 
mine, tind 2/3 ■>. 
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The w^ht of the modnlus for cast ma is 
18,400,000 ftB., and, dividing this Dninber 432, 
we have for cast iron 

_ 42600 ft rf' a 

ID- . (X.) 

257. If a = ^ of an inch, or the deflexion be as 

many fortieths of an inch as there are feet in the 

length of the beam ; then the equation will be 

- loss b d' . 
IP- ' 

which was made 

■001 w 

to calculate the l^ble, art. 5. (xi.) 

When the deflexion is only as many lOOths of an 
inch as the beam is feet in length, a defiedon which 
should not be grefdly exceeded in shafts, on ac- 
count of the irregular wear on their gudgeons and 
bearings when the flcsnre is greater, then 

If the load be unifimnly distributed over the 
length of an nniform rectangular beam ; then from 
art. 126 and 139, the dimensicms being all in inches, 
we have 

5 W 4/6 _ 32/t J'g 

24^="" 8/ Bti* 

And since 

Comparing this equation with Equation viii. it 
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appears that a weight umformlf distributed wiU 
produce the same depresuon in the middle as ithB 
of that weight applied in the uuldle, as has beea 
otherwise shown by Dr. Young,' and Mrasrs. 
Barlow,' Dupin,* and Dnleau.* 

When to is the weight of the beam itself; then 
p bang the weight of a bar of the same matter 12 
inches long, and 1 square, 

_ f i dp 
13 ' 

and the deflexion of a beam by its own wei^t is 
S,pl* _ SI* 
■ ~ 19 X 39 d V~ 8B4M4> ^ ^ 

Where M is die hd^t of die modulna of elastidty ' 
in feet (Equation v. art. 105). 

258. In an uniform solid cylinder, the strength is 
to that of a square beam as I : l"? nearly (art. 
1 13) ; therefore, by Equation x. art. 256, we have 

Wmra = '' ■ ^'"-^ 
"Where L is the length between the supports in feet, 
d the diameter in inches, and a the deflexioa in 
inches produced by the weight w in Ots. 

" Nat. Phn, vol. ii. art. 325 and 329. 

s Treatise on the Strength of 'nmber, Sc., flit. 35. 1837. 

* Idem, p. 97. 

' Esaoi Th^orique et Experimental, art. S et 5. 

* In theory this seems to fuinieh the most aimptc mode of 
obtaimng the modulus, but it Is cot bo accurate in practice, 
became it a diflicult to &9 certain the exact degree of flexure due 
lo the weight. 
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If the load be unifonnly difiuaed orer the length, 
and 8 be the hmd on 1 fiMt in length in ffis. ; then 
to = La, and the effect will be the eame as if f ths 
of this load vete applied in the middle, (art. 257 ;) 
consequently 

"■(«)* <"•■> 

Therefore, if the load on a foot in length be the 
same, the diameter should be increased in direct 
proportion to the length, so that the flexure may 
be the same. 

If in Equation xv. we make the flemre propor- 
tional to the length, and so that it may be -rinrth 
of an inch for eacli foot in length. 

Then, 



This equation will apply to uniform solid cylindrical 
shafts. 

259. In a hollow shaft or cylinder, it will be only 
necessary to fix on what aliquot part of the dia- 
meter the thickness of metal should be, if its dia- 
meter were I. Then, tbe differraice between twice 
ibe thif^Vriw of metal and 1, will be the aliquot 
parts to be left hollow ; and calling these parts n, it 
will be 



the diameter of a hollow shaft of tbe same stiffness 
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as the solid one of the diameter d. {See Equation 
xviii. art. 115.) And the weight a solid shaft will 
sustain multiplied by (1— n') will be the weight a 
hollow one of the same diameter will sustain. 

Examples. If the thickneBS of metal be fixed at 
^th of the diameter, then 




And if the diameter of a solid cylinder be found by 
Equation xr. xvi. or xvii., as the nature of the 
subject may (pqiure, and the diameto^ bo found be 
mnltiplted by r03S2, it will gire the diameter of a 
hollow tube that win be of the same stiffiiees, the 
hollow part bdsg -ftlis of the whole diam^r. 

In the same manner, if the thickness of metal be 
ith of the diameter, multiply by 1-056. 

And if the thickness of metal be ^ths of the 
diameter, multiply by 1*07. 

The weight a hollow cylinder will sustain when 
the thickness of metal is exactly ^th of the dia- 
meter, is 0'S7 the weight a solid cylinder of the 
same external diameter would sustain with the same 
pressure; for (1— n*) = '87. Aod its stiffness is to 
that of a square prism of the same depth as 1 is to 
2, nearly. 

260. Example. Required the diameter of a soUd 
cylindrical shaft, 21 feet in length, that would not 



222 



OF LATERAL STIFFNESS. BBCT. Till. 



be deflected more than half an inch by a weigfat of 
31 cwt., or 3472 IbB., applied in the middle. 
By Equation xv. art. 258, 

the diameter requii-ed. 

261. Example. Required the diameter of a hollow 
Bhaft, 21 feet in length, the interior diameter i^ths 
of the exterior one, that nonld not be deflected 
more than half an inch by a load of 3472 Bm. ap- 
plied in the middle of the length ? 

Find the diameter of the aoUd cylinder, as in the 
preceding example, and multiply it by 1*07 (see 
art. 259). That iB, 

7'12 X r07 = 7*62 incho, 

the diameter reqtured ; the thickness of metal will 
be ^ths of the diameter. 
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RESISTANCE TO TORSION. 

2C2. Definition. The resistance which a shaft or 
axis offers to a force applied to twist it round is 
called the resistance to Torsion. 

263. If a rectangular plate be supported at the 
comers A and B, fig. 29, Plate IV,, and a weight 
be suspended from each of the other comers C D, 
then the strdns produced by loading it in this 
maimer 'will be similar to the twisting strain which 
occnrs in shafts, and the like, bi a cast iron plate 
the fractures would take place in the directions A B 
and C D at the same time ; but, before the fracture, 
the one of the strains woidd Berre as a folcmm for 
the other ; and the resistance to the forces at C and 
D would be sensibly the same as if the plate were 
supported upon a coQtinned fulorom in the direc- 
tion AB. 

Hence the stmin maybe considned a cross strun 
of the same nature as has been uiTestigated in art. 
108, and dD or cC the leverage the force at D or 
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C actB with, the breadth of the strained section 
being AB. 

To find the brendtb of the section of fracture, and 
the leverage in tenne of the length and breadth of 
the plate, we hare AB, the breadth, and by similar 
triangles, 

AD K BD ^p^^t,^ ,^ 

AB ^ 

These values of the leverage and breadth being sub- 
stituted in the Equation, art. 1 10, it becomes 

„._/l'd-'_/d''x AUxAB, 
" ~ 6t ~ 6 X AD X BD ' 

or because 

AB* = BD* + AD*, 

we have 

BD* + Aiy 
6 ADxBD' 

264. But when a force acts upon a shaft, tt is 
usually at the circumference of a wheel upon that 
shaft, and if B be the radius of the wheel, then 



the force collected at the surface of the shaft ; and 
therefore, substituting this in the place of W, in the 
Equation above, we have 

3 R W fd' BD'4- AD' . 



^ B D* + A D' 



If the length AD be I feet, and the leverage R 
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be ia feet; then for cast iron/= 15,300 lbs., and 
we have 

8-8S 144 

But this equation has a minimum value when I = 
therefore the resistance will be the same what- 
ever the length may be, provided the length be not 
less than the breadth. Consequently, whenever the 
length exceeds the breadth, we have 

But when 6 is to in a less ratio than v'2 ; 1 the 
shaft will not hear so great a strain, and it will hear 
least when its section is exactly square. 

265. When a Ehaft is square, and its length I in 
feet, its nde d in inches, and the leverage B in feet, 
then, from equation, art. 1 12, we obtam 

And when /= 15,300 fts., 

w = 5:H^x (<l»+72/»). 
In a square shaft also the resistance has a mini- 
mum value ; that is, when v'72 l = d; hence, 
whenever the length is greater than the diagonal of 
the section, the strength will be 



I In nulleable iron Ihe equalluii will )>< 



226 



RESISTANCS TO TOB8ION. 



8BCT. 




(17.) 



Where B is the ndiuB of (he wheel in feet to wUcIi 
the power W in poiuids is to be applied, and d is 
the siiie of the shaft or axis in inches. 

266. In a cylindrical shaft the section of fracture 
is an ellipse, and when I and R are in feet, and /= 
15,300, d being the diameter of the shaft in inches, 
we have by art. 114, 



267. Here again it may be shown, by the prin- 
ciples of maxima and minima, that there is a parti- 
cular line of fracture where the resistance to torsion 
is a minimum; in a cylindrical body this happens 
when 12 / = d ; that ia, when the length is equal to 
the diameter. 

Consequently, in all cases where the length ex- 
ceeds the diameter, the equation in art. 266 should 
be appUed in the form 



As the equation reduces to this form by substituting 



('■) 




* In ntillaibk iron ihifti tbe tqnaBon wQl be 
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268. In the Bame manner it may be shown that 
in a tube or holiow cylinder of which the length is 
greater than the diameter, the resistance to torsion 
is expressed bjr the equatioa 

■"""„"-'> =vr. w.) 

Where d is the eiderior diameter in inches, and n d 
the interior diameter. 

It vill be a good proportion in practice to make 
It = 0'6 ; then the rule becomes 

Where d is the exterior diameter in inches, and the 
thickness of metal is exactly ith of the diameter ; B, 
SB before, bdng the radios of the wheel in feet, to 
the circumference of which the power W in fits, is 
applied. 

269. Example. Let it be required to find the dia- 
meter of a shaft for a water-wheel, the radius of the 
■water-wheel 9 feet, and the greatest force that it 
will be exposed to at the circumference, 2000 lbs. 

If the shaft is to be a solid cylinder, then the 
diameter will be found by Equation vi, art. 267 ; 
that is, 

WR_ i!000 y9 _ 

124-8 124-8 " ■ 

And the cube root of 144-2 is 5 J inches, the diameter 

I hollow cylinder, Equation 
viii. will apply, where 
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WR_ BQQQX9 _ . 

And the cube root of 1667 is 5^ inches the dia- 
meter, when the thickness of metal is -^th of this 
diameter. 

270. But the lateral stress on a shaft will always 
be greater than the twisting force, when the length 
of the shaft exceeds ^th of the radins of the wheel ; 
yet the preceding equations will often be of use in 
calculating the streogth of journals/ and these cal- 
culations should be made by Equation vi. in the 
same muiner as in the example in the preceding 
article ; only as an allowance for wear the diameter 
should be itb greater than is given by the rules. 

271. The preceding investigation has been con- 
fined to the strengtli to reiiist twisting, but in shafts 
of great length in respect to their diameters, the 
effect of flexure is considerable. 

L^t e be tliL' extension the material will bear with- 
out injury wlifn the length is unity. This extension 
must obviously limit the movement of torsion, or 
the angle of torsion. But, since the line of greatest 
strain, in a bar of greater length than its diameter, 
is always in the direction of the diagonal of a 
square ; if a square were drawn on the surface of the 
bar in its natural state, it would become a rhombus 
by the action of the straining force, and the quan- 
tity of angular motion would be nearly -J 2 times 

* A jonrnil ia different (rom a gudgeon only in bring eiposcd 
to > coDNderable twiiting strain. 
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the extension of the diagonal ; or twice the exten»on 
of the length of the bar. For if a line were wound 
round the bar at an angle of 43° with the axis, its 
length would he I ^"2; I being the length of the 
bar in feet. Therefore, / e = the extension, and 
2 I ( the arc described in feet, or 24 2 c = the arc in 
inches. But if a be the number of degrees in an 
arc, and its radius ; -0174533 being the length of 
an arc of one degree when its radius is unity ; we 
have 

34 /< s — K -0174533; or 
2 

That is, the angle of torsion a is aa Uie length and 
extensibility of the body directly, and inversely as 
the diameter. 

If the value of * be taken for cast iron, that is, 
= we have 



Here / is the length of the shaft or other body in 
feet; d itB diameter in inches, and a the angle of 
torsion in degrees of a circle. 

Example. Thus, let the vertical shaft of a mill be 
30 feet in length, and the diameter 10 inches ; then, 
when it is strtuned to the extent of its elastic force. 



> Iam>UMU«iroii,i a-l-i tlwrefbre, = a. 

I«0 3 
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In certain cases this degree of twisting may be of 
considerable advantage in preventing the shocks 
incidental to machines moved by wind, horses, or 
other irregular powers ; but in other cases it will 
be a disadvantage, because the motion will neither 
be so accurate, nor so certain to produce the desired 
effect. 

272. Since the angle of torsion is as the exten- 
sion, it will be as the straining force ; and to esti- 
mate the stiffness of a body to resist torsion, we 
have this analogy when the body is a hollow cylia* 
der ; from Equation vii. and ix. of this section, 
2750 1 , m-Sd" (1-B*) _ ia4'8 if ^fl d-iH) 

d B 27S0R/* 

Or more generally, 



And if m be the vdght of the modulus of elasticity, 
(art. 105.) 

id* g (1 - »«) _ 

330600 IB ~ 



= W. <xiO 



When n = 0 the equation appUea to a solid cylinder. 

When a shaft is rectangular, the analogy from 
Equation ii. and ix. becomes 

6 B 3760B/* '■ " 



1S8900BJ 



^ = W. (rii.) 
We have now to show the appUcation of these equa- 
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tiooa, and to form practical rules from them. Hie 
value of m for cast inm Is 18,400,0009)8. ; conse- 
qnently Equation xi. applied to cast iron is 

And Equation xii. ^ves 

93-6 i* *» a , ... 



PRACTICAL HULES AND EXAMPLES FOR THE STIFFNESS 
OF CYLINDRICAL SHAFTS TO RESIST TORSION. 

273. la practical cases there will be known the 
length of the ahafl, the power, and the leverage the 
power acts with ; and there must be fixed, by the 
person who appUes the rule, the number of degrees 
of torsion that will not affect the action of the ma- 
chine ; this being settled, the diameter of the shaft 
will be determined by the rule. 

iluls 1. To determine the diameter of a solid 
cylinder to temst tormon, with a given flexure. 

Multiply the power in pounds by the length of 
the shaft in foet, and by the lerenige in foet. Di- 
vide this product by 55 times the number of degrees 
in the ai^ of torsion, which is considered beat for 



' In nudlsabte iron, 

74 J. .0 

' In malleable iron, 

184 J* i« g ,„ 

— ns — " 
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the action of tiie machine ; and the fourth root of 
die quotient will be the diameter of the shaft. 

Keampk. Let it be required to find the diameter 
for a series of lying shafts 30 feet in length to 
tiansnut a power equal to 4000 tbs. acting at the 
circumference of a wheel of 2 feet radius, so that 
the twist of the shafts on the application of the 
power may not exceed one degree ? 

Here the whole length must be taken as if it were 
one shaft, and by the rule, 

and by a Table of powers,' the fourth root is found 
to be 8'13 inches, the diameter required. 

If the machinery be required to act with much 
precision, this will be as much flexure as can be 
allowed; but in ordinary cases two degrees might 
be admitted, and then a little less than 7 inches 
would be the diameter. 

Where there is much wbeel-woik, the flexures 
should be less; indeed it does not ^pear to be 
desirable to exceed a quarter of a de^jree for the 
shafts or axes. 

274. Rule 2. To determine the diameter o[ a 
hollow cylinder to resist toruon, when Qis thickness 
of metal is -^th of the diameter, and the fiexure 
given. 

Multiply the power in pounds by the length of 



S«e Bwlow'i MathnMb'ctI mica, Tdile 
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the shaft in feet, and by the leverage the power acts 
with in feet. Divide the product by 48 times the 
angle of flexure in deg^rees ; the fourth root of the 
quotient will be the diameter required in inches. 

Example. Let the diameter of a hallow shaft be 
determined, so that it may be sufficient to withstand 
a force of 800 lbs, acting at the circumference of a 
wheel of 4 fc't radius ivilli .i flexure of one degree ; 
the thickness of metal to be ^tb of the diameter, 
and the length 10 feet. 

In this case 



and the fourth root of 666*6 is 5*1 inches nearly; 
which is the diameter required. 



PRACTICAL RL-LE A.\D EXAMPLE FOR THE 5T1FFMKSS 
OF SQUARE SHAFTS TO RESIST TOBSION. 

275. Rules for square shafts are applications of 
Equation xiv. ; and the same things are known as 
in the case of cylindrical shafts. 

Rale, To detemune the side of a square shaft to 
reust torsion with a given flexure. 

Multiply the power in pounds by the leverage it 
acta with in feet, and also by the length of the shaft 
in feet. Divide this product by 92*5 times the angle 
of flexure in degrees, and the square root of the 
quotient will be the area of the shaft in inches. 

Example. Suppose the length of a shaft is to be 
13 feet, and it is to be driven by a power of 700 lbs. 
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acting on a pinion, on the shaft, of 1 foot radius to 
the pitch line, and that a flexure of 1 d^ree will 
not afiect the machinery. 
By the rule. 

The square root of 90-8 is 9 53, the area of the 
section in inches; and the square mot of 9'S3 is 
3'1 inches neaily, for the side of the shaft. 

The reader may find farther information on the 
tordon of wires, and the laws of the osdUation of 
the tordon balance, in Dr. Young's Lectures on 
Nat. HiiloB. vol. i. pp. 140, 141 j Dr. Brewster's 
Edinburgh EntTclopKdia, art. Mechanics, p. 544 to 
549 ; Dr. Brewster's edition of Ferguson's Lectures, 
vol. ii. p. 234 ; or Profeaaor Leslie's Elements of 
Nat. Philos. vol. i. p. 243. 
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OF TBE STREKOTH OF COLUMNS, PILLARS, OR 
OTHER SUPPOBTS CCOfPRESSED, OR EXTENDED, 
m THE DIRECnON OF THEIR LEafGTH. 

276. If the length of a column be conaderable 
with respect to its diameter, ooder a certuu force it 
irill bend ; hat when it becomes too short to bend, 
its strength is only limited by the force which would 
crush it. ConBideriug, however, that it is im- 
prudent to load even a short column beyond its 
elastic force, an iaqoiry respecting the phenomena 
of crushing would lead to nothing useful. 

Let A A' be a column, fig. 30, supported at A', 
and supporting a load at A ; and let this load have 
produced its fiill effect in straining the column. 
Let E be the neutral axis, B and D the centres of 
resistance, and A F the direction of the straining 
force. Draw dD parallel to AF, then, by the prin- 
ciples of statics, we have 

itDiDAi iW(lhe weight) ; ^jfl - = 
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the compressive force in the diredioD A D. Also, 

DA.AF.. .-j^j 

the vertical pressure at D. 
But, by similar triangles, 

BD:BF::dD:AF=§l^ 

therefore 



W.AF W.BF 



(i) 



277. In a similar manner it may be proved that 
the strain at B is expressed by 

W, i! F - B D 

- jjjj <.'•.} 

Where it is obvious that when B D = B F this 
strain is nothing; that is, when the direction of 
the straining force passes through the point D, or 
the neutral axis coincldee with the surface of the 
block. It also may he observed, that when BF 
exceeds BD, this stitdn is expressed by a positive 
quantity, indicating extension ; bnt when B F is less 
than BD it is negative, indicating that it is a re- 
dstance to compressioa. If B Fa: }BD, then both 
points are equally compressed. 

The force has been supposed to be perpendicular 
to the plane of section for which the stnuos have 
been calculated, bat this is not essential to the in- 
vestigation ; it is only the most usual strain on 
columns and ties. For instead of the force acting 
in the direction A F, let the force act in the direc- 
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tion AG; and let the angle FAG be denoted by 
C. Then, the investigation hang resumed, we shall 
find Equation i. nill become 

(BF + AF.^^OW.ccC ^ ^ 

And, 

(BF + AF. ain.C - 1( D) W. CQ3. C _ , , „ ,. , 

- g-^ - " I*- 

But when the force acts in an oblique direction, a 
furtiier stav is rcquiri^d tu prevent tlie pillar over- 
turning ; and wherever this stay is placed there the 
greatest strain would be in a straight pillar. If it 
be stayed at D F, then the stay placed there be- 
comes a point of support; and the action of the 
forces on the beam are eimilar to those already 
considered in fig. 14, Plate II. But it was re- 
marked in a note to art. 108, that the mode of 
calculation there given is not correct when the 
beam is not nearly horizontal ; the difference is 
owing to a change of the position of the neutral 
axis caosed by the oblique direction of the force. 
The poution of that axis, and the strength of the 
section, we wOI now proceed to calculate ; and to 
derelope the changes i«odaced by altering the direc- 
tion of the Btruning force. 

278. It may be shown that the reststance of the 
section, on either side of the neutral ans, is equal 
to the force of a square inch multiplied 1^ the area 
of that seotioD and by the distance of Qie centre of 
gravity from the neutral axis, and divided by the 
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distance of the compressed enrfoce from the neutral 
axis, when B or D is the centre of percnsBion of the 
section.' 

279. Let « be ttie distance of the neutral axis 
from the middle of the depth ; jr = E G the dis- 
tance of the direction A O of the Btraining force 
from the middle of the depth ; d = the depth, 
( = the breadth, and / the resistance of a square 
inch ; then the area of the compressed part of the 
section will be d + x) h, and the extended part of 
the section (i d - x] b. Tliereforc, if n (i d + 
and n{^d — x) be the distances of the centres of 
percussion from the neutral axis, and m (i d 

and m d ~ x) the distances of flie centres of 
gravity, we shall have 

W. BG c gk C mfHid-i^ W. (BG-BD)coi.C 
BD ° BT5 

m/h (W + X)' 
(H + r) ' 

BG X (id-«)' = (BG-BD) x Hd + if; 

and when the proper substitutioDS are made, this 
equation reduces to 

280. In a rectangular section n = |> and conse- 
quently we find by the preceding eqnados 



I Emenon'i HecbMiici, 4ta. edit. Prop. bxzTii. 
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JL. " 

*" 12y 

Also, nncfl in this case m = j^, ve have an eqni- 
Ubrium between the compreeaiiig force and the 
leastaace to compression, when 

W.BG, co8,C /I „ J . , 
BU = T + 

and substituliDg for BG, BD, and x tbdr proper 
values, this equation becomes 

But if BF be denoted by a; and | =AF, 
whence FG will he = 

AF. ah). C i ain. C 



hence the diitsnce of the neutral azii from the axii of ths 



ia(o + l/tan,C)' 
eind these nxes muat coincide when C is an angle of 90°, that ii, 
when the direction of the (orcc is perpendicnlBT to the aiia of the 
colamn ; hut not in any other case. 

For when C = 90°, the tan. C is gnlimited; and iKmieqnentlf 
the fraction which repreKnta i a ineomperebljr amall, or the axea 
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ConsequeDtlf, 

/'^ - fhd* _^ 

{J+6y)co>.C d.ctM.C + 6o.co9.C. + 3iriD.C~ * 

This equation will enable us to trace the parti- 
cnlar conditions of this important problem. 

In the first place, if the points E and A be in a 
line perpendicular to BG, then a=o, and tlie 
equation is 

=w (vii) 

rf.™.C + 3/8m.C ^ ' 

Secondly, if the force act in a direction parallel 
to B G, then C = 90 degrees ; and sin. C = 1, and 
COS. C = o, and Eqviation vi. becomes 

We have in this case the same equation as in art. 
1 1 0, for in this instants I is double the length taken 
in that equation. 

Hiirdly, if the force act in a direction perpendi- 
cular to B G, then cos. C = 1 , and sin. C = o, and 
consequently Equation vi. becomes 

Fourthly, when a = o, or the direction of the 
force coincides with the axis E, then 

/Srf=W. ('.) 
And, fifthly, if a = half the depth of the block, 
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The Equations ix. x. and xi. ajiplv to short 
columns, or blocks, of which the length is not 
more than ten or twelve times the least dimension 
of the eection ; and from them are derived the fol- 
lowing practical rules : 

TO FIND THE AREA OF A SHORT RBCTANOULAR 
COLtlHK OH BLOCK TO SB8I9T A QITBN FRB3- 
8URB. 

281. Rule, WheD the force is to be applied 
exactly in the axis or centre of tixe section of 
the block, divide the pressure or the weight in 
pounds by 15,300, and the quotient will be the 
area of the secHtHi of the blodt in inches. But 
since this requires a dc^;ree of predion in adjusting 
the direcdon of the force which it is altogether 
imposdbte to arrive at in practice, and when a 
force presBea a block of which ad ia the axis, 
fig. 31, Plate IV., it is always probable that the 
direction A A' of the force may act upon one edge 
only of the end of the hlocli, and therefore be at a 
distance ot hall the least thickness from the axis j 
which will reduce the resistance of the block to Jth, 
and consequently the area should always be made 
four times as great as is determmed by this rule. 

When the distance of the direction of the force 
from the axis is determmed by the nature of the 
construction, the followmg is a general rule. 

282. Rule. To the thickness (or least dimension 
of the section) in inches, add six times tfae distance 
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of the direction of the force from the axis \a inches, 
and let this sum be multiplied by the weight or 
pressure in pounds; divide the quotient by 15,300 
times the square of the least thickness in inches, and 
the quotient irill be the breadth of the UocJc in inches. 

This rule is the Equation ix. art. 280, in words 
at length, and it applies to resistance to tension as 
well as to resistance to compression. 

283. The writer of the article ' Bridge,' in the 
Supplement to the Encycl. Brit., has shown that 
when the force acts in the direction of the diagonal 
of the block, as is shown in fig, 32, the strain will 
be twice as great as when the same force acts in the 
direction of the axis.' Now the reader will be 
satisfied, that, in consequence of settlements, or 
other causes, a column is always liable to be 
strained in this manner ; and therefore will care- 
fully avoid enlarging the ends of his columns, under 
the notion of gaining stability, for the effect of the 
straining force will be still more increased by such 
enlargement in the event of a change of direction 
from settlement, as in %. 33. In mjr ' IVeatise on 
Carpentry,' I have recommended areolar abutting 
joints to lessen the efiect of a partial chat^ in the 
posiUon of the struned pieces,* an idea which appears 
to have occurred, in the first instance, to Serlio.' 

' Napier's Sapp. to EncTcl. Brit., art 'Bridge,' Prop. I. p. 499. 
' Tredgold'i Elementary Piin. Carpentry, Sect. IX. p. 164. 
1S40. 

> Serlio'a Arcliitccture, lib. I. p. 13. Farii, 1945. 
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284. A geoeral solution of tUe equation ex- 
pressing the stress and straio, when the column 
is cylindrical, is complicated, but in one particular 
case the result is extreniely simple ; that is, when 
the neutral axis is in one of the surfaces of the 
column. If d be the diameter of the column, then 
'7854 d' — the area, and ^ d = the distance of the 
centre of gravity, and therefore 

W. BG. coa.C -7854 rfV 
BD ~ 2 ■ 

But when the neutr^ axis is in the surface of the 
cylinder. 

Id this case the distance of the direction of the 
force from the axis of the column will be ^th of the 
diameter, the centre of percussion being f d distant 
bom the nentral axis. 

265. Hence it appears, that when the distance of 
the direction of the force from the axis is ^d, the 
strength of a cylinder is to that of a drcnmBcribed 
square prism, as seven times the area of the cylinder, 
to eight times the area of the prism ; or nearly as 
5'5 : 8, or as 1 : 1*46 nearly. 

'When the nentral axes are at or near the axes of 
the pieces, the ratio of the strength of the t^lmder 
to that of the prism becomes 

8 X -7664 , , , , 
j : 1, or u 1 1 1-7, 
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BB has been shown hy Dr. T. Youi^ conseqnentif 
in a colnmn, when both the resistances to compres- 
sion and extension are brought into action, the ratb 
varies between 1 : 1*46 and 1 : 1*7 ; the mean bang 
nearly 1:1*$. 



Of THE STRENGTH OF LONG PILLARS AND COLUMNS. 

286. If a support be compressed in the direction 
of its length, and the deflexion be suflicient to sen- 
sibly increase tiie distance of the direction of the 
force from the axis, in the middle of the length of 
the support, it is evident that the strain will be in- 
creased ; and since the curvature in practical cases 
will be very small, we may suppose it to be an arc 
of a circle. In a circle the square of the length of 
the chord, in a small segment, is sensibly equal to 
the radius >C 8 times the versed sine; or ^= radius. 
The deflexion will be greatest when the neutral axis 
Ctnnddes with the axis, and taking this extreme 
case, we shall have this analogy ; — as the alteration 
of the length of the concave side is to the original 
length, so is the | depth to the radius of curvature ; 
or, 

* ' ' ■ 2 ■ "* 2 .* 

Therefore 

ri = 4-: Mid S = ~= tilt <li-n-->^h,u in the middle. 



■ Dr. YoDiif'i Lectures on N*t. Fhilos. vol. ii. tit. 339, B. 
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287. Let the distance of the direction of the force 
from the axis, when first applied, be denoted by a, 
as in a preceding article, (art. 280 ;} then, in con- 
sequence of the flexure, it will be equal to 



consequently by Equation ix. we have 



(jdi.) 



In cast iron / = 1 5,300 fts. and e = j^^. (art. 143 
and 212 ;) therefore, if I be the length in feet, b, d, 
and a ia inches, we obtaio the following practical 
formula, for the strength of a rectangular piism, 



288. If a = 0, or the direction of the force co- 
incides with the axis, then the rule becomes 



It would, however, be improper in practice to cal- 
culate upon the nice adjustment of the direction of 
the pressure in the direction of the axis, which is 
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Buppoeed in the preceding equation ; indeed, there 
are very few inetances vhere its direction may not 
in all probatulify be at the distance of half the depth 
from the axis, and in that case a = ^d, and 

28!). As an approximate rale for the strength of 
a cylinder to resist compreanon in the direction of 

its length, we have 

15300 d* _ 95G2 d* _ 

290. And if the direction of the force be a inches 
distant from the axis, the rule is 

9563 d' „ .... 

J' + 6d« + -18 fl = ^- 

If the force act in the direction of one of the sur- 
foces of the colamn, then a = ^d, and 
8568 J< _„ , 

By this rule the Table of colmnns CTable m. 
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p. 26,) was calculated, only the wdgbt is there 
g^veo in cwts. 

Id all tbe rules from Equation xiii. to xviii. I is 
the length, AA', fig. 31, Plate IV., in feet, d either 
the diameter or the least side in inclies, l< llie greater 
dde in inches, and W the weight to be supported 
in tbs. 

291. Example 1. Required the weight that could 
be supported, with safety, by a cylindrical column, 
the length being 1 1 feet, and the diameter 5 inches, 
and supposing it probable that the Ibrce may act iu 
the direction AA', fig. 31, at the distance of half 
the diameter from the axis ? 

In this example Equation xviii. art. 290, should 
be used ; and therefore 

or a little above 22 tons. 

In this manner may be calculated the strength of 
story-poats for supporting buildings. When they 
are for houses, ample allowance should be made for 
the wdght of crowded rooms, and when for ware- 
houses the greatest possible weight of goods should 
be estimated. 

292. Exan^la 2. It is proposed to determine the 
compression a curved rib wiU sustain in the direc- 
tion its chord ; the greatest dlistance of the ans 
of the rib £rom the chord line being 6 inches, the 
nze of the rib 3 inches square, and the lei^h of 
tbe chord line 5 feet. 
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By Equation xiii. art. 287, 

— _ 15300t.P _ 16300 X 3' 
'^- j'+6rfa+-laf - 3 ' +6x3x6 + -18x5* -'°'"^^- 

Example 3. The piston-rod of a (iout)Ie acting 
steam engine is another interesting case to wliich 
these equations will apply ; and the render will ex- 
cuse my having recourse to algebraic notation in 
order to make tlie rule genera!. 

Let D be the diameter of the steam cylinder in 
inches, and p the greatest pressure of the steam 
on a drcular inch of the pieton in fts. Then 

But it has been shown in a note to art. 290, that 
in malleable iron 

maw* 

l^erefore. 



Now in an extreme case we can never have the 
lengtli in feet greater than about three times the 
diameter in inches ; substitote this value of I, and 
we have - 

53 

If the pressure be Sfbs. on the circular inch, 
that is, a little more than 10 lbs. on the square 
inch, it gives ^=d. That is, the piston-rod should 
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never be leas tiian ^th of the diameter of the 
cylinder in a double acting steam engine. In prac- 
tice it is nsnal to make them ^th, which does not 
appear to be too great an excess of strength to 
allow for wear. 

or THE STRENGTH OP BARS AND RODS TO RESIST 

293. When the effect of flexure ie considered in 
bars to resist tension, it makes an important dif- 
ference. Instead of the strength being diminished 
by flexure, it either has no effect, or has a directly 
contrary effect. Hence in all works executed in 
metals the tensile forte of the mateiiala should be 
employed in preference to any other, except the 
bulk be considerable in respect to the length. In 
wood we cannot employ a tensile force to much 
advantage, because it is difficidt to form connexions 
at the extremities of sufficient firamess, but in 
metals this creates no difficulty. 

If a bar or rod be short, its resistance may he 
computed by the rules, art. 281 and 282. 

But when it is long, and the bar is dther curved, 
or the force is not in the direction of the axis, then 
the efiect of flexure may he considered. 

Hie Equation ix. art. 280, will be applicable to all 
cases where the direction of the force is parallel to 
the extremities of the bar, that is. 
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The flexure is found to be = when I is 

the length ia feet, and ■ = But this flexure is 
to he deducted from the distance from the axis. 
Hence 

When the direction of the force is at the distance 
of half the least side from the axis, tlien a = i d, 
and 

And when the direction of the force coincides with 
the axis, 

When the bar is a cylinder, its strength is to that 
of a square bar as 1 : 1 ' 6 nearly, (art. 285 ;) hence, 
9562 d* _„ 

Or, vben the force is in one of the surfeces of the 
rod, 

. 4d-^--l8l-^ -^- f""'-' 

It was desirable to show what constituted the ad- 
vantage of a tensile str^ bat I do not intend to 
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adopt these equationB in practical rules, because 
thejr are not bo eimple and easily ajipSied as the 
rules already given in art. 281 and 282, which will 
only err a small quantity in excess, when proper 
care lias been taken to take the greatest possible 
deviation of the straining force from the axis of the 
piece. 

Example 1, Required the weight that may be 
suspended by a bar of cast iron of 4 inches by 8 
inches ; under the supposition that the direction of 
the strain will be in one of the wide surfaces of the 
bar? £quation xviii. of this art. applies to this 
case, wherein a is equal 2 inches, or half the least 
dimension of the bar, that being the distance the 
direction of the force ia supposed to be from the 
axis ; and therefore 

the wdght required. See the rule in words at art. 
282. 

VfbjEa it is considered that a very small degree of 
ioaccnnu^ in fitUng the connexion may throw the 
strain all on one «de of the bar, the prudence of 
following this mode of calculation will be apparent. 

Example 2. It is proposed to deterniine the area 
that should be given to the bars of a suspension 
bridge, if made of cast iron, for a span of 370 feet ; 
the points of suspension being 30 feet above the 
lowest point of the curve ; and the greatest load, 
including the wdght of the bridge itself, 500 tons. 
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Tlie load being nearly uniformly distributed, tlie 
curve assumed by the chains will not seoeibly differ 
from a parabola;" and lialf the weight will be to 
the tension at the loner point of the curve, OS the 
rise is to ^th of the span ; that is, 



This is equal to l,727,040n«., and hy the rule, 
art. 281, we have 

1737040 ,„ . . 

for the ares of the bare, supposing the stress to be 
directly in the ana of each; and if we double this 
area it will provide for a deviation equal to fth of 
the diameter of each bar. This mil be a suffideot 
excess of force, considering die great chance of its 
ever being covered with people, which is the load I 
have estimated. Hence the sum of the areas of the 
chains at the lowest point should be 230 square 
inches. The area at any other point of the curve 
should be to the area at the lowest point, as the 
secant of the angle a tangent to the curve makes 
with a horizontal line, is to the radius. In the pre- 
sent case, the sum of the areasi at the point of sus- 
pension should be 24-i square iiu^iies. Cast iron 
would be greatly superior to wrought iron for chain 
bridges ; it would be more durable, less expensive 
to obtain the same strength, and when made suf- 

" See Elcmentaiy Principles of Carpenlrj'i art. 67. 
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ficienUy strong, its weight would preveot exceGsive 
vibratioD by small forces. Most of the wrooght 
iron bridges appear to he verjr slight and temporary 
structures when examined by the rules I hare given, 
which appear to be founded on unquestionable prin- 
ciples. 

Example 3. To determine the area of a piston- 
rod for a single-acting engine, the force on the 
piston being equivalent to 1 1 lbs. on a square incli, 
and allowing for the possibility of the direction of 
the force being at half the tliameter of the rod from 
its axis. In this case 1 1 times the square of the 
diameter of the piston in inches is equal to the 
stress, and if D be the diameter of tlic steam jiiston, 
and d that of the piston-rod, we have for wrought 
iron, 

3U16xllD-- '-"'"';'""°° . 

or very nearly. 

That is, the diameter of the piston-rod should be 
)^th of the diameter of the steam cylinder, when 
nothing is allowed for wear ; or making the allow- 
ance which appears to be requisite, the diameter 
shonid be ^fh of the diameter of the steam cy- 
linder. 
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OF THE STRENGTH OF CAST IRON TO RESIST AN 
IMPULSIVE FOnCR.i 

294. The moving force of a bodj', or of a part of 
a machine, ought to be balanced by the elastic force 
of the parts which propagate the motion ; for if the 
effect of the moving force be greater than the elastic 
force of the parts, some of them will ultimately 
break ; besides, a part of the power of the machine 
will be lost at each stroke. 

And since incteasing the mass of mattftr to be 
moved increases tlie friction in a macliine, it is an 
advantage to employ no more matarial in its moving 
parts than is absolutely necessaty for strength ; but, 
in other parts exposed to pressive forces only, it is 
desinble that the materials should always be capable 
of resiating the str^na, with as anall a degree of 
flexure as is convenient, because steadiness is, in 

' Dr. Young has given the term resiSaux to this specicn of 
rcsietance ; snd tlie render will find some interestiDg renuulu 
on the importnnce of Btudfing it, in liia Lectures on Hu. Phil, 
vol. i. p. 143. 
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the fixed parts of machines, a most desirable pro- 
perty. 

A beam resists a moviii[r iorce. as a spring, bv 
Yielding and opposing the force ;is it yields, till it 
finally overbalances it ; ' anti lioiice it is, that a 
brittle or very slifi body breaks, because it does not 
yield sufficientlv lor ticstroyin^ the force. 

As the resi.-itancL' o! a beam under diflerent de- 
crees of flexure ean be caleulated. the effect of that 
resistance m the destruction of motion may be esti- 
mated by the pnnciples of dvnamics : such inquiries 
are usually managed by the method of fluxions : but 
not bemg satisfied with the manner of establishins 
the pnnciples of that method, though 1 have no 
doubt of the correctness of results obtained by it. 
I shall bnefly deduce the rules of this section by 
another mode of calculation. 

295. If the intensitv of a force be variable, so 
that the action upon the body moved at any point 
he directlv as some power, n, of the distance from a 
point B, fig, 23, towards which it moves. Tlien, 
if the intensity of the force at A be equal P, the in- 
tensity at any point C will be ■ ^^^j". — For, by the 
definition, 

(AB).,(CB).::P,(C|gZ. 

I'ut S to denote the space A B ; and conceive this 



" For a machine to produce the greateat eflect, the time ol 
bending the henin should be u small ai possible. 
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space S to be divided into m equal parts, denoting 
any one of (hese parts by x ; and iti consequence of 
the smallness of these parts, if we take the mean 
between the intensity at the beginning, and that at 
the end of each pai't, and consider each of these 
meaiiB an uniform intensity for the space it was 
calculated for, then these nnifbrm intendtieB may 
be represented by the foUowing progression : 

^ X ^0+j- + j" + 2-i" + 2'i- + 3'«° + ...rn-lT" + .ii"j") 

or, 

29G. It is shown by writcre on dynamics, thiit 
when the intensity of a force is uniform, the square 
of the quantity of force accumulated or destroyed is 
directly as the intensity multiplied by the quantity 
of matter moved, and by the space moved through.' 
Therefore, making W= the quantity of matter, and 
g a constant quantity to reduce the proportion to 
an equation, we find the square of the forces accu- 
mulated or destn^ed, in the space S, may be ex- 
hibited by the progreseiOD 

And, from the principles of the method of pro- 
gressions,* the accurate value of the square of the 
force accumulated or destroyed in the space S is 



' Dr. C. Hatton'a Cddtk of Math. vol. ii. p. 13G. Sth edit. 
* See Phflosophiisl Maganne, vol. Ivu. p. 901. 
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yPWS 
»+ 1 ■ 

297. When n = o, or the intenuty is unifotm, 
the square of the accumulated force is =g PWS. 

298. The force of gravity near the earth's sur&ce 
is nearly uniform, and in this case we know from 
experiments on falling bodies that g — 64^, and 
P=W the weight of the body; therefore, W S 
— the square of the accumulated force, and 64^ 
may be Bubslituted for g. 

Hence the moving force of a falling body is 
Wv'64i S. 

299. If n = 1, we have 

and as, in the resistance of beams, the intensity at 
any deflexion is directly as the deflexion, the quan- 
tity 32^ PWS represents the square of the force 
destroyed in producing a deflexion equal to S. lliat 
is, when a beam is supported at both ends, and S= 
the deflexion in the middle, in decimal parts of a 
foot, then v" 32^ P W S = the fonx that would be 
destroyed in producsng the flexure S ; where P is 
the weight that would prodoce the deflexion S. * 

* The effect of daMic gnMS in producing or destroyiag motion 

is ciprc!9«d by the same equBtion. when the change of bulk is 

prcsBion of nir m&tcriaUy affects tbe velocity of Bound, and was 
fint applied by Laplace to correct the ducrepancy bcticeen theory 
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Having con»dered the effect of the reEosting force 
of (be material m destn^iog an impulsive force, we 
must now consider the circumstances which take 
place in the different cases occurring in practice. 

300. If the blow be made by a falling body in the 
direction of gravity, and the weight of the falting 
body be w, and its velodty at the time of impact be 
V, then by the laws of colliMon, in the case of equi- 
hbrium, 

v'32J PS (W + lo). 0-) 

In which equation the small acceleration that 
would be produced by the action of gravity on the 
mass W + u, during the flexure of the beam, is 
neglected. 

301. If the blow were made horizontally by a 
body of the weight w, moving with a velocity v, 
then the equation is correct ; and even in the first 
case it is accurate enough for practical purposes. 

302. If the blow were made by a weight k falling 
&om a given height h, we have by the laws of gra- 
vity, (art. 298,) 

therefore, 

w v' WA = V39iPS (W + i<.), or 

2u^4 = PS (W + loj. (ii.) 

303. When the strain is occasioned by a force of 

•ad experimentB ; n subject wliith has been furtber illuslratcd by 
the rttcerctkfs of FdUeoq. in an article " Sur la Viteaee du Son." 
An Miles de Ctumie, tome zxiii. p. 5. 
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an intensity F, and velocity v, such for example as 
would be occasioned by tiie sudden derangement of 
a machine in motion with the velocity u, and force 
F, then 

Ft>= i/aajps W; or, 

Pt^sSajPSW. (iii.) 

The last equation is appUtable to the beams of 
Bteam engmee, and in general to redprocating 
movements in machines, sndi as the connectiag 
rodsj cranks, Stc. 

If a body be previonsly in motkm in the direction 
of the impulsive fbice, then the force Fv should be 
the difiference between the forces of the impelling 
and impelled hodles. 

304. A general number of comparison to exhibit 
the power of a body to resist impulse, and which 
might be termed the modulus of resilience, would be 
extremely convenient in calculations of this kind ; 
and when we omit the effect of a difference of den- 
sity, which it is usual to do, we have an easy method 
of forming such a number.^ For in any case, if / 



* The nnmber niglit inclnde the effect of deasit;. if we were 
to mcunre the leuitBDce to impnlae by the height a body ihonld 
&11 to prodnoe pomaiumt dmnge bf its own woghti for we 
eadf derive from EcinatioD !L ut. 303, 

when » a the ipcdfic gravity. Tbia czprcesion might be termed 
the ^)Kific mWtact at a body, and if it were denoted by i, 
we should have 
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be the force which produces permanent alteration, 
and « the corresponding extension, 

PSi/.. 

And, since in bars of different materiala placed in 
tlie same circumstances the resistance to impulse 
may be considered proportional to the height a 
body must fall to produce a permanent change in 
the structure of the matter ; and as that height is 
proportional to P S, and consequently to /e, when 
the effect of density is neglected ; we may take /e 
the measure of the power of a body to resist im- 
pnlsion, that is, the modulns of resilience; and 
representing this modnlus by B, 

/c = R. pt.) 

In cast iron, 

tberefore R = 12-7, 

305. These equations flow from the piindple tlut 
while the elastidty is perfect, ibs deflexion or ex- 
tension is as the force prodndng it, but it also 
varies according to the manner in which the material 
is Btrained. In some cases, of frequent occurrence, 
the application is shown in the examples. 

But it will be useful, before we proceed any 
further, to inquire what velocity cast iron ^11 bear. 



In cost iron, 

I = VJ63. 
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without permBnent (dteiadon, in order that we may 
be aware whether such veloci^ wiU ever take place 
ia the parts of machinea; for if any part of a 
machine be connected with others that will yield to 
the farce, and the matenal be capable of trans- 
mitting the motion with greater velocity than the 
machine moves with, it need be formed only for 
resistance to power or pressure. 

306. It has been ehown that ^ 32^ P W is is 
equal to the greatest force an elastic body can gene- 
rate or destroy (art. 299) ; if it were exposed to a 
greater force, its arrangement would be permanently 
altered. Now, if V be the greatest velodty the 
body is capable of transmittmg, if communicated to 
its mass, we have 

*'82fPWS = VW,oT 

307. It has also been shown, that in cast iron 
the cohesive force /=i 15,3001b8. (art. 143], and 



andwnce S = le, (by art. 104,) and P=: fed/, (art. 
103,) and lbdp = W, where j)=:3-29ks., the 
weight of a bar of iron 12 inches long and 1 inch 
square ; therefore, when a bar is Btrained in the 
a of its lengith. 



11*3 feet per second. 
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308. If an uniform bar be supported at the ends, 
we have 



for the mass of the beam would acquire only the 
same momentum as half of it collected in the 
middle. Consequeotly, 



/a2i p S _ /82t X 650 X -oa 
W 12 X 8*2 



=v= 



S'3366 feet per second, nearly. 

I have shovn by a comparison of many eirpeti- 
ments in art 70, that about 3*3 times the force that 
produces permanent alteration will break a beam ; 
therefore, Bssuming the deflexion to oontinne pro- 
portional to the force till iractnre takes place, we 
have 

/ 331 X 8-3 F X 3-3 S 
y-i ^ =V:<* 

Therefore, a velocity of 

3-3 X 3'33G6 = 17'6 fe«t per teeaad, 
would break a beam ; or a beam would break by 
falling a height of about 5 feet. 

309. Hence it is dear, that cast iron is capable of 
sustaining only a very sm&U degree of velod^ ; and 
a correct knowledge of this limit is certainly of the 
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Sret importance in the applicatioa of this material 
in machinery. When a cast iron bar is exposed to 
an impulsive force in the direction of its length, the 
utmost velocity its mass should acquire must never 
exceed 1 1 feet per second ; and when the force acts 
in a direction perpendicular to the length, it should 
never be capable of communicating to the mass of 
the bar a greater velocity than about 5 feet per 
second ; and if it exceed 18 feet per second, the bar 
will break. 

If the connecting rod of a steam engine were to 
move with a greater velocity than 5 feet per second, 
the swag of its own weight woultl produce perma- 
nent flexure. 

If a ship with hollow cast iron masts should 
strike a rack when it moved with a velocity of 12 
miles per hour, the masts would break ; and even 
with less velocity, for here we neglect the effect of 
the mnd on tfae masts. 

310. To illustrate the nse of the above investiga- 
tkm, or rather, to prevent any one from disappoint- 
ment, in applying these rules for the reostance to 
imptdsion, it may be useful to condder how they 
should be applied to the parts of machines. In a 
machine, the motion is communicated &am the 
impelled to the working point by a certain number 
of parts, and among these parts one at least should 
be capable of resisting the whole energy of the 
moving power. If there be many parts to transmit 
the power, then two or more of them should be 
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capable of restetii^ the energy of the moving power, 
and they should be distributed so as to divide the 
line of communication into nearly equal parts. If 
the intermediate parts be made sufficient to resist 
the dead power of the machine, that is, the power 
without velocity, they will always be strong enough 
to convey the velocity, if it be less than is stated in 
the preceding article, to other parts, that will either 
forward it to the working point, or resist it entirely 
during a momentary derangement of the action of 
the machine. To make all the parts strong enough 
for this purpose would of^en cause a machine to be 
clumsy, and unfit for any practical use. 

311. I^t the constant numbers for the etrength 
and deflexion in feet be/S. Then, 

p=i^,..ds-y". 

AIbo, let the weight of the beam itself be n times 
the weight of the fiallii^ body. These values being 
Bubstitated in Equation i. art. 300, we have 

««.= V'32tPSWTi5= VMpM/SwOr+lTt or. 

32t Ift {■ + 1) ~ * **" '^"■^ 

312. If the Uke substitutions be made in Equa- 
tion iii. art. 303, we obtain 

P V = (3ai P 9 W) = 32^ ( i rf/S W ; 
and if I b dp be the wdght of the mass of the beam 
the force acts upon, then 

— £^^= = bi. (tu.) 
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PRACTICAL BULEB AND BXAMPLBS. 

313. Prop. 1. To determine a rule for finding 
the dimensions of a beam to resist the force of a 
body in motion. 

It is evident by Equation vi. ait. 311, that the 
error which would arise from neglecting to allow for 
the effect of the weight of the beam itself, would 
always be oa the safe side in calculating the dimen- 
sioDB of a beam to resiBt an impulsive force ; and 
since, by audi neglect, the rule is reduced to a very 
simple form, instead of a very complicated one, I 
shall apply the equation under the form 

32i l/p 

314. Case 1. When the beam is uniform and 
supported at the ends. In this case /= 850, (see 
art. 143,) and S in feet = ^ (by art. 212,) hence, 

32^/8 = 45-5 J or 



315. Rule. Multiply the weight of the fidlmg 
body in pounds by the square of its velocify in feet 
per second ; divide this product by 45*5 times the 
length in feet, and the quotient will be the area in 
inches. 

The depth slwuld be at least sufficient to render 
the beam capable of supporting its own wdght. 
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added to the wa|^t of the Ming body, which 
he readfly found by Table II. art. 6. 

316. If the height of the fall be given instead of 
the velocity of the falling body, tben instead of 
multiplying by the square of the velocity, multiply 
by sixty-four times tbe height of the fall, 

317. Example 1. To determine the area of a 
cast iron beam that would sustain, nitliout injury, 
the shock of a weight of 1 70 lbs. falling upon its 
middle with a velodty of 8 feet per second, the 
distance between the supports bdng 26 feet. By 
the rule 

iS'S )< 36 ~ ^'^ inchee, the area required. 

Hence, if we make the depth 6 inches, the 
breadth will be 1'53 inclies, and the beam would 
sustain a pressure of 1800 lbs. (see Table 11.) to 
produce the same effect as the fall of 170 lbs. It 
may also be observed, that half the weight of the 
beam is 4009)8., making &701b8. for the pressure 
the beam woold have to Bostain after the velocity 
was destroyed, which is not quite ^rd of the wdght 
the beam would bear. 

318. EsangiU 2. If a bridge of 30 feet span 
were formed on beams of cast iron, of what area 
should tbe sectioQ of these beama be, so that any 
one of them might be sufficient to resist the impul- 
tave force of a wi^gon wheel fUUng over a stone 
3 iiKdiee UeJi, the load upon that wheel bdng 
3360 lbs.? 
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The height of the fiill beii^ '25 foot, the square 
of the velodty acquired by the fall will he 64 X '25 
= 16 ; therefore, 

8860X16 . 

the area required. 

This area is nearly 40 inches ; suppose it 40, 
then 40 X 15 X 3-2 = 1920 lbs. = half the weight of 
the beam, (that is, the area, in inches, multiplied 
by half the length in feet, multiplied by 3'2 lbs., the 
weight of a piece of cast iron, 1 foot in length, and 
1 inch square;) consequently, 1920 + 3360 = 
5280 fljs., the whole effective pressure on the beaui, 
afler the velocity is destroyed. If we were to make 
the beam 20 inches deep, and 2 inches in thickness, 
it may be found by Table II. that the deflexion 
would be '9 of an inch, and it would require a 
pressure of 45,3'i8tl>3. to produce the same effect 
as the fall of the wheel, above eight times llie 
pressure of the load and weight. 

319. Case 2. When a beam is supported at the 
endB, the breadth uniform, and the outline of the 
depths an ellipse. 

Tbis case applies to bridges or beams to with- 
stand an impulsive force at any point of the length. 
By art. 144,/= 850, and by art. 139, 

8mftet = -j5-. 
therefore the equation 
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in art. 313, becomes 



320. RtU. Calculate by the rule, art. 315, with 
58'5 as a divisor instead of 45*S. 

321. Case 3. Wheu the breadth and depth of a 
beam are uniform, and the section is as fig. 9, 
Plate I., and the beam supported at the ends. 

In this case/= 850 (1 — jp^ by art. 186, and 



by art. 212 ; hence the equation {axt 313), 
•^•^ _ _■ . 

consequent Iv, the power of a beam to resist an im- 
pulsive lorce, when the quantity of material is the 
same. IS considerably increased by giving this form 

to the section. 

322. Case 4. If a beam of the form of section 
shown in fig. 9, be the elliptical form of equal 
strength, (see fig. 24, Plate III.) then 



58-5/(1-/7) 
when the beam is supported at both ends, and the 
impulsive force acts at any point of the length. 

323. Cose 5. In an open beam, as fig. 11, 
Plate II., we may consider the beam as bounded by 
a semi-ellipse, when the breadth is muform, and in 
this case 
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324. Example. To 'detennine the area of the 
section of an open i^rder, that would sustain the 
shock of 300 lbs. &lliiig from a h^ht of 1 foot, 
the lei^th between the supports being 26 feet, 
and (be depth of the open port of the whole 
depth. 

Ja this example 

tTw _ 64 X 800 

58 5 1(1 58-5 y as (1 - -343) 

20 inches nearly. This is perhaps as great an 
impulsive force as it is probable a girder for a room 
will be likely to be exposed to ; and since this area 
of section would not be sufficient for the greatest 
pressure, it appears unnecessary to calculate the 
effect of moving force in the construction of 
girders. 

325. Prop. II. To determine a rule for finding the 
dimenuons of an uniform beam to resist a moving 
force. 

This proportion ajtpUes to the parts of madunes ; 
and as there are few people engaged in the con- 
struction of powerfdl machines that are not com- 
petrat to apply an equation, I shall in this part ^ve 
the rules in the form of equatbns only. 

336. Case I. When an nnUt^m beam is supported 
at the ends, and the moving force acts at the middle 
of the length. 

By art. 143,/= 850, and by art. 212, 

a = ~= -ooieefooti 
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and smce 3'2fi)s. = tlie weight of 1 foot in length, 
and 1 inch equare, we Ehall have 



. (art. 312)= — — . „. 

IViSySp i^/32ix850x■00l^ixl■G S'^' 

327. Rule. When F is the force in pounds, V its 
velocity in feet per second, / the whole length in 
feet betwerai the supports, h the breadth, and d the 
depth in indies, then 

8^ = *''- 

328. Cose 2. When an uniform beam rests upon 
a centre of motion, and the moving force acts at 
one end, and is opposed by a greater resLstanoe at 
the other end. 

By art. 153, 
/=212, and by art. 220, 8=-08 (I+r,) and 



329. iZuIe. Make F=tlie force in poimds, V its 
vdocity in feet per second, I = the length in feet 
between the centre oS motion and the ptant where 
the force acts, and f = the length in feet between 
the centre of motion and the point of resistance ; b 
and d bdng the breadth and depth in inches; 
then 
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e have 



331 . Example. To determine the area of the sec- 
tion of the beam for a steam engine, when it is to 
be of uniform depth ; the length 24 feet, the centre 
of motion in the middle of the length ; the pressure 
upon the piston SOOOfts., and its greatest velocity 
4 feet per second. 

By art. 330, 

FV , . 5000 X 4 . , 

wr,-"" wsim "•">■• 

If this beam were made 30 inches deep, the de- 
flexion by Boch a strfuD would be abont i^ths of an 
inch, and the breadth would be 

-rr- = 4-57 inchfiB, 
30 

and such a beam would bear a weight of about 12 
times the pressure on the piston, without destroying 
its elastic force. 

332. Prop, III. To determine a rule for finding 
the area of the middle section of a parabolic beam 
to resist a moving force when the breadth is uni- 
form. 

The motion communicated to the arm of a lever 
is the same as if its whole weight were collected at 
its centre of gravity ; and as the length of the arm 
is to the distance of its centre of gravity, so is the 



372 



BB81BTAKCB TO IMPULSION. 8BCT. XI. 



in8BB to the effect of that mass collected at the ex- 
tremity. Therefore, when the distance of the centre 
of gravity is some part of the leogth, the eSect of 
the mass of the arm viU be the same part of the 
whole of its wdght when acting at the extrenity. 

333. C(ue I. When a parabolic beam is sup- 
ported at both ends, and the moving force acts at 
the middle of the length. 

By art. 143,/= 850, and by art. 224, 



Also, because the area of a parabolic beam is y of 
one uniformly deep,' and the distance of tlie centre 
of gravity from the centre of motion is ^ of the 
length we have 

Consequently, the equation, (art. 3)2,) 



/V324/8p l^32i X 650 x -0033 x 1*28 '^iO'B 

334. In beams supported at both ends, and of 
the same breadth, the power of a parabolic beam to 
resist a moving force, is to that of an uniform beam, 
as 10 is to 8 nearly; and the parabolic beam re- 
quires verj' little more than ^rds of the quantity 
of material. 

' Dr. Hullon's Couree, vol. ii. ji. 126. 
' Idem, vol. ii. p. 327. 
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335. Ruie. When F is the force in pounilB, V its 
velocity in feet per second, I the whole length be- 
tween the Bupports, and b and d the breadth and 
depth Id inches ; then 

336. Example. Let the force of a steam engine 
be api^ed to the middle of its beam, so as to cause 
it to move an axis by means of two cranks, placed 
so as to be impelled by the ends of the beam. Let 
the greatest pressure on the piston be 3000 lbs., its 
greatest velocity 3 feet per second, and the whole 
length 12 feet 

By the rule, (art. 335,) 

PV 3000 X 3 _ , 
To^=ioTiri2 = *'' = '^'"'*"- 

337. Case 2. When a parabolic beam rests upon 
a centre of motion, and the moving force acts at 
one end, and is opposed by a greater resistance at 
the other. 

By art. 153,/= 212, and by art. 227, 

12 

also, 

'-"44=^ 

hence, 

FV _ PV _ FV 

WSH/tp l■/3^xanx■95Sx ^l6{l'i^r) 8-8aiv'l+r 
12 

338. Rule. Make F the force in povmds, and V 
its velodty in feet per second, I = the length in 
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feel, from llie centre of motion to the point where 
the farce acts, and I' tlie length from the centre of 
motion to the resisted point ; also, make b and d 
the breadth and depth in inches ; then 



= bd. 



339. If / = I', that is, when the centre' of motion 
is in the middle of the beam. 



FV 

12'5 ( ' 



b4. 



340. In a steam engine the weight of the con- 
necliiig apparatus, the power applied to the air- 
pmnp, and tlit- weight of the catch-pins, should be 
allowed for ; and when the engine moves machinery, 
the beam should not be less than is determined by 
this rule. The depth of the beam is usually the 
same_as the diameter of the steam piston. 

341. Example. If the pressure on the piston of 
a steam engine be 15,000 lbs,, the whole length of 
the beam 24 feet, and Its velocity 3 feet per second, 
required the area ctf the beam? 

In this case. 

If the beam be made 48 inches deep, it should be 

6J inches in breadth ; and the best method of 
forming such a beam is to make it in two parts, 
each 3^ in breadth, placed at 12 or 14 inches apart, 
and well connected together. This arrangement 
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causes an engine to work with more steadiness, uid 
the parts are leas troublesome to move and fix in 
their places than a single mass would be, 

342. Prop. IV. To determine a rule for finding 
the area of the middle section of a beam of uniform 
breadth, the depth at the end being half the depth 
in the middle, and the middle of the depth open, to 
resist a moving force. 

Let the parts be so arranged that the centre of 
gravity may be considered to be at the middle of 
the length of the arm of the beam, which will be 
very nearly true in practice, and will render the 
computation somewhat easier. 

343. Case 1. When an open beam is supported 
at the ends, and the force is applied in the middle 
of the length. 

By art. 200,/= 8fiO (1 -/»), and by art. 231, 

, = :^ = ^725, 

also, we have 

and the Equation, (art. 312,) 

FV _ TV _ 



10-92 I ^(l -j/') X (l-f) 

344. Rule. Make F the force in pounds, V its 
velocity in feet per second, / the whole length be- 
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tween the snpports in feet, that number which 
would be produced by dividing the depth of the 
part left out in the middle, by the whole depth ; (if 
this ratio were not iixed, the solution could not be 
effected ;) and h and d the breadth and depth in the 
middle in inches ; theu 

FV 

10-93/ -p") X (I -p-) 

345. If p'be made = "7, which is a convenient 
proportion, then 




346. Case 2. Wlien an open beam is supported 
on a centre of motion, and the moving force acts at 
one end, and the resistance at the other. 

By the same method as above we find 



I0-B2iy (!-;.») X (1 -f, X CI +r) 

347, Rule. Make F =: the force in pounds, V its 
velocity in feet per second, I the length from the 
point wliere the force acts to the centre of motion 
in feet, and {' the length from the centre of motion 
to the point of resistance, h and d the breadth and 
depth in inches in the middle of the beam, and j> 
the number ansing from the division of the depth 
of the part left out in the middle by tlie whole 
depth ; then, ~= r, and 
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uy'j2IVi\ -1^} X (I -P) X (l + r) 
348. If p = ■?, the equation reduces to 



349. Mao, when the centre of motion is in the 
middle of the beam, and p = '7, we have 



350. Example. As an example to the equation in 
the last article, let ns suppose the pressure on the 
piston of a steam engine to be 15,000 lbs., its vu- 
locity 3 feet per second, and the whole length of the 
beam 24 feet, which is the Game as the example 
(art. 341). In this cose 



FV _^ 15000 X 3 _ 
6-86 i S-8G X 13 ~ 



= 771 inches = id. 
And, if the depth be made 48 inches, then 



inches the breadth, which is to be the same through- 
out the length. The bulk of the metal in the upper 
and lower part of the beam will be found hy multi- 
plying the depth by -7 ; that is, -7 X 48 = 33-6 ; 
which, deducted from 48, leaves 14'4 uu^es, or 7-2 
inches for each side. 

Fig. 34, Plate IV., shows a sketdi for a beam of 
this kind, drawn according to these proporttons. 
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351. Any of the ndeB of this, or of the preceding 
SectioD, may be appUed to other materials by sub- 
sdtnting the proper values of the cohesive force, 
extensbility, and denuty ; these are g^ven for several 
kinds to the following Table. 



TABLE OF DATA,' &c. 
USEFUL IN VARIOUS CALCULATIONS; 



The data correipond to the mem ieaiperalwre aadpreuure 
of the atmo^here, dry etaterialai and the teng»eraivre 
it tneatttred by Fahrenheit i eeale. 

Air. Specific gravity OMWIS; wragttt of a cubic foot 
0-0753%., or 527 grains, (Shuceburqh) ; 13-3 
cubic feet or 17 cylindric feet of air weigli Itb.; it 
expands or -00208 of iU bulk at 32° by the addi- 
tion of one degree of heat (Dulonb and Pk-tit.) 

AflH. Specific graritf 0*76; wdght of a cobtc foot 
47'5nis.; vdgfat of a bar 1 foot long and I inch 



1 I bare left Aii piit, like tlw badjr of the nink, noalUrtd, 
tboogfathenmihiin it Hmetiniea diBer modi from my own; ud 
to refer the reader for information derived from ezperiment 
to the ' AdditionB,' and partienlarlf to a Fqwr of mine on the 
nltimate Tenule, Compreiuve, and nsniveru Strength of nrioo* 
kind* of materiila, indnding Timber cftiie Mrti m mint general 
tiM, Building Stoo^ Marble, Slate, Ghus, Sto.; iHiidi iriU be 
oflered to the Boyal Sodetf in a very ihort time. — Editob. 
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aqiure 0-339}.; mil bearwiUiant permanent altera- 
tioa a abnin of S5401bs. upon a iquaie inch, and an 
extension of ^ of ita length ; veight of modnloe of 
elaatidty for a base of an inch square l,640,0001b8. ; 
hright of modulns of ekwticit? 4,970,000 feet; mo- 
dnlns of lerilienoe 7'6 ; sperafic reriUence 10. (Cal- 
cnlated bom Barlow's EsperimentB.) 

Compared with cast iron as unity, its strength is 
0*83 ; ita estennbilitf 2-6 ; and its stifiness 0-089. 

Atmosphbre. Mean pressure of, at London, 28-B9 
incbes of mercurj- — 14'18lbs. upon a square inch. 
{Royal Society.) Tlie pressure of the atmospbere 
is usually estimated at 30 inches of mercury, wbich 
is very nearly 14Jllis. upon a square incli, and equi- 
valent to a column of water 34 feet high. 

Beech. Specific gravity 0-696; weight of a cubic foot 
45-3 Us.; weight of a bu L foot long and 1 inch 
aqnare 0-315 lb. ; will bear without permanent altera- 
tion on a square inch 2360 l&s,, and an extension of 
7T^ of its length ; weight of modulus of elasticity for 
a base of an Inch square l,345,OOOllis.; heiijlit of 
modulus of elasticity 4,600,000 feet; modulus of 
resiUence 4-14; specific resilience G. (Calculated 
from Barlow's Experiments.) 

Compared with cast iron as unity, its strength is 
0-lfi ; ita extensibility 2-1 ; and its stiffness Oi)73. 

Brass, eatt. 8ped6o gnmtf 8*37; wd^t of a cubic 
foot SSSlbi.; wdght of ft bar 1 foot long and 1 
inch square 3-63 IRs. ; expands g^j^ of its length by 
one degree of heat (Trouohton) ; melts at 1869" 
(Daniell); cohesive force of a square inch 18,0OOtbB. 
(Hennie) ; will bear on a square inch witbout per- 
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routent alteration 6700tbs., and an extension in 
length of j^; weight of modulus of elasticity tor 
a base of an inch square 6^30,000 lbs.; height of 
modolos of dasticit; 2,4GOfiOO feet; moduliu of 
reailience S ; spedfio renlience (X ^Trsdoold). 

Compaied vnib cast iron aa nnitf, ita strength ia 
0-435 ; ila exten»bility 0-9 j and its Btiffiness 0*49. 
BsicK. Specific gnntjr I'841 ; wdgbt of a cubic foot 
115 Tba.; abaotbs ^ of ita weight of water; cohesive 
force of a aqoare inch SfSlfca. CI^bdoo''I>) } i> 
cmabed by a fproe of 5621ba. on a aqoare inch 

(B.»NI..) 

Brick-wdrk. Weight of a cubic foot of newly built, 
117 Its.; weight of a rod of new brick-work IC tons. 

Bridqes. When a bridge is covered with people, it is 
about equivalent to a load of 120lti3. on a superficial 
foot; and this may be esteemed tlie greatest possible 
extraneous load that can be collected on a bridge; 
while one incapable of Bupporting tliis load cannot he 
deemed safe. 

Bronze. See Gun-metal. 

Cabt Ikon. Specific gravity /'SO? ; weight of a cubic 
foot 430 ths.; a bar 1 foot long and t inch square 
weighs 3'2 Ihs. nearly j it expands ^^^^^^ of its length 
by one degree of heat (Roy) ; greatest change of 
len|;th in the ibade in tbia climate greatest 
change of lengtih exposed to the son's rays 
melts at 3479° (Daxiell), and shrinks in cooling 
from to of its length (Ml'bchbt); is crushed 
by a force of 93,00016s. upon a square inch 
(Rbnnie); will boar without pennanent alteration 



282 PHOPRHTIES nF ^JAT[iR[ALS. 

15,300ltis.' upon a square inch, and an estenaion of 
of it* length ; wdght of modnlna of daaticntj 
for a base of an indi iqnare 16,400^000 ft*.; hught 
of modnlna of elaatidtjr 5,750/100 fiwt; modnlns of 
reailience 12'7; apedfic tenlietiee 1*76 (Tbeimold). 

Chalk. Specific gravity 2-S15; wdg^t of a cabic fbot 
144'7tbs>; iscruihedby afbrce of SOOtta.onasqnare 
inch. (Rennib.) 

Clay. Spedfic gravity 3*0; weight of a cnhic foot 

Coal. Nemcaslle. Specific gravity I '2^9; weight of a 
cubic foot 79'3l1lis. A London clialdron of 3S 
bushels weighs about 38 civt,, lilience a bushel is 
S71l)s. (but is usually rated at 84 tbs.) A Newcastle 
chaldron, 53 cwt. (Smeaton.) 

Copper. Specific gravity 3'75 (Hatchett); wdght of 
a cubic foot 54!) Itis. ; iveiglit tif n bar 1 foot long and 
1 inch square 3'Bl ItjN. ; c\pand» in length by one 
degree of heat (Smbaton) ; melts at 2548' 

(Damp.ll) ; cohesive force of a square inch, when 
hammered, 33,0001^8. (Rbnnie). 

Eartb, eotamon. Specific gravity 1*52 to 3-00; weight 
of a cubic foot from 95 to 125fi]t. 

Elm. Specifio gravity 0*544; wdght of a onbic foot 
34 Bis. I weight of a bar 1 foot long and 1 inch 
square 0*236 Bis. ; wiU bear on a square inch without 
permanent alteration 32401IJb., and an extension in 
length of wdght of modBlos of elaaticnty for a 
base of an inch square 1,840,000 fts. t height of 
modulus of elasticity ifiSOfiOH feet; modvlna of 



See note to ait. 143. — Editor. 
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remlieace 7*87 i sperafio resilience 14*4. (Calculated 
from Bablow's Experiments.) 

Compared with cast iron as unity, its strength is 
0-21 } its estensibility 2'9 ; and its stifiheas 0-073. 
Fib, red or yeUow. Specific gravity 0'557; weight of a 
cnbic foot 34'81bs.; weight of a bar 1 Toot long and 
1 inch square 0'S421E.j will bear on a square inch 
without pmnsnent alteratioa 4200 Ifis^ = 2 tons 
nearif, and an extension in length of wd^t 
of niodnlns of elasticity for a base of an inch square 
2/>16/)0O Ihs. ; heigiit of modulus of elastioity 
6,330/)00 feet; modulus of resilience 9-13; sperafic 
resilience 16*4. {TiiED00t.D.) 

Compared with coat iron aa unity, its strength is 
0-3; its extensibility 2'6; and ite stifiness 0-1154, 

Fix, uihite. Specific gravity 0*47 > weight of a cnbic foot 
29'31&a.; weight of a bar 1 foot long and 1 inch 
square 0-204 lb. j will bear on a square inch widiont 
permanent alteration S680lbi.,«nd an extension in 
length of ^ ; weight of modulus of elasticity for a 
base of an inch square ],S30,000)bs.; height of mo- 
dulus of elasticity 8,970,000 feet; modulus of resi- 
lience specific resilience 15-3. (TdedgotjD.) 

Compared with cast iron as unity, its strength is 
0-23 } its extensibility 2-i ; and its stiffness O'l. 

Floors. The weight of a superficial foot of a floor is 
about 401bs. when there is a ceiUng, counter'floor, 
and iron girders. When a floor is covered with 
people, the load upon a saperfidal foot may be cal- 
cnlated at 120lbs. Therefore 120 + 40 = 1601ba. 
on a superficial foot is the least stress that ought 
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to be taken in estimating the strength for the parts 
of B floor of a room. 

FoBCE. See Gravity, Horses, &c. 

Granite, Aberdeen. Specific gravity 3'B25 ; weight of a 
cubic foot 164 tbs. ; ia crushed by a force of 10,9101ft«. 
upon a square incli. (Renntb.) 

Ghavel. Weight of a cubic foot about 120Iti8. 

Gravitv, generates a Telocity 32^ feet, in a second, in a 
body falUng Iroin rest; space described in Uie Grit 
second 16 ^ feet. 

GuN-uBTAL, cast (copper 8 parts, tin 1). Spedfic gra- 
vity 8-153; wught of a cnbio fi»t SOStlbs,; weight 
of n bar 1 foot long and I inch aqaext 3'541ll8. 
(Trxdoold) ; expands in length by 1° of Heat ^gg^ 
(Smkaton); will bear on a square inch without per- 
manent alteration lD,000tBs.. ana an extension in 
Irngtli of ^ ; weight of modulus of eliiscicitv for a 
base of an inch square 9.n,.i,ijiX)lhs. ; ntiiiriit of 
modulus of elasticity 2,790.000 feet: modulus of 
resilience, and specific resilience, not determined 

(T««DO01.1>.) 

Compared with cast iron as unity, its strength is 
0-66 i its estennbility 1-25 ; and its stifihess 0-&35. 
Horse, d average power, produces the greatest effect 
in drawing a load when exerting a force of 187} lbs. 
with a Telodty of feet per second, working 8 
hours in a day.* (Tbedgoi.d.) A good horse can 
exert a force of 4B011)s. for a short time. (Desa- 
oui-iEHB.) In calculating tlie strength for horse 



* This ia eqniviilcnt lo raieing 3 cubic feet of vratet 21 feet per 
Kcond, or 7i cubic (cct 1 foot per aecoiid. See Bucbanan'B 
Etsaya, 3rd edition, by Mr. Rennie, page 88. 
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nudunery, &o bone's power ahonld be considered 
400 Da. 

Iron, call. See Caat Iron. 

IroHi maUeabk. Specific gravity ^^G (Mvscbknbrobk) ; 
weight of a cubic foot 475 X6a. ; weight of a bar 1 foot 
long and 1 inch square 3'3 lbs. ; ditto, when ham- 
mered, 3'4Ibs.j expands in length by 1° of heat 
jj^ggj (Smbaton) ; good EngUah iron will bear on a 
square inch without permanent alteration 17,B001bB.,' 
= 8 tons nearly, and an extension in leiigtli of 
cohesive force diminished =^ by nn elevation 1° of 
temperature; weiglit of modulus of elasticity for a 
base of an inch square 24,920,000 tbs-j height of 
modulus of elasticity 7,550,000 feet; niodnliu of 
reolience, and spedfic rewlienci^ not detennined 
(Tkbdoold). 

Compared with cut iron as tuuty, its itrength ia 
I'12 ; its extensibility 0*88 ; and its stiffness 1-3, 

Larcb. Spedfic gravity '560; weight of a cubic foot 
SSlbs.; weight of a bar 1 foot long and I inch 
square 0*343 lb.; will bear on a square inch without 
pennaDent alteration 2065 lbs., and an extension in 
length of j^; weight of modulus of elasticity for a 
base of an inch square 10,074,000 ffis. ; height of 
modulus of elasticity 4,41j,O0O feet: modulus of re- 
silience 4; specific resilience 7'1. (Calculated from 
Barlow's experiments.) 

Compared with cast iron as unity, its strength is 
0-136 ; its extennbility 2-3 i and its stifliiesi 0-058.* 

Lrad, cait. Specific gravity 11*353 (Brisson); weight 

* EqnivHlcDt to a bright of 5000 feet of the ume matter. 

* Hie menu of my trials on qieoiiociiB of very difierent qnalitie* 
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of a cubic foot 709'51&s. ; weight of a bar 1 foot 
long and I inch square 4'94nis.; expands in length 
by J" of heat (Smbaton) ; melts at 612° 

(Crichton) ; will bear on a square inch without 
permanent alteration ISOOlfis., and an extension in 
length o( ^gf^; weight of modulus of elasticity for a 
base of an inch square 720,OOOIba. ; height of mo- 
dulus of elaatieity 146,000 feet ; modulus of resilience 
3'12} specific resilience 0'27 (Tbbdoold). 

Compared irith cast iron as unity, its Btrenglli is 
0096; its eztenmbility 2-5 ; and its stifibess 0-0385. 
Mabooakt, Hondurm. Specific gravity O-SG ; veigjit of 
a onbic foot 35 lbs.; wd^t of a bar 1 foot long and 
1 inch sqosre 0*243111.1 will bear on a square inch 
without penaanent alteration SSOOOts^ and an ex- 
tension in lengtb of weight of moduloB of elas- 
ticity for a base of an indi sqnare 1,596,000 lbs. ; 
height of modulos of elasticity 6,570,000 feet; mo- 
dulus of resilience 9'047 ; specific remlience 16"1. 

(TREDO0I.D.) 

Compared with cast iron as unity, its strength fa 
0-24 ; its extensibility 2-9; and its stifiness 0'487. 
Man. a man of average power produces the greatest 
effect when exerting a force of -lljlhs. witli a 
Tclodty of 2 feet per second, for 10 hours in a day.' 
(Tbedoold.) h strong man will raise and carry 
from 250 to SOOltSs. (DEBAOOLiKits.] 

places the etren^ and stifinett of Larch much higho* on the 
Male of compariBon ; bat I bad .not otwemd the point where it 
loses elastic power. 

* This ia equindent to half ■ caUc foot of water nuted 3 feet 
per second; or 1 cnbic foot of water 1 fbot per Mcond, See 
BuchaMn's Eaaays, p. 93. edited by Mr. Rennie. 
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Mabbli, tMte. Spedfio gnvity 2*706; might of > 
onbic foot 1691fiB.; weight of n bar 1 foot long and 
1 inch aqnara l'171lls>> cobenve foroe of a iqaara 
intdi iSllllit.;!' estenribilitf of its lengOig 
weight of moduliu of elaalic^ for a base of an inch 
square 9,5ZO,0O0lb.; hdght of modalna of elaatidty 
2,15(V)00 feet; moclnlns of ie«lience at the point of 
finctwe 1*3 ; spedfic reuUence at (he ^cAat of frac- 
tnra 0-48 (TttBDOOLD); is cnished bj a force of 
of 8060 lbs. npon a aqnue indi (Eknn is). 

Mbrcvry. Specnfic gnrity IS'SSS (Briuon) ; iraght 
of a cubic inch 0-4948 lb.; expands in hoik by 1° of 
heat ^ {DuLO-JO and Pbtit) ; wei^t of modulus 
of elasticity for a base of an inch square 4,417,00011]s. ; 
heigiit of modulus of elasticity 750,000 feet (Dr. 
Yoi!-JG, from Canton's EKperiiiieiits). 

Oak, ffoof! EnyU.ih. S].ccific ^™ ity O fi.i ; nuiglit of a 
cubic foot ;')3l!js, ; weight of a liar 1 foiit long and 1 
inch square 0'3(HB. ; will bear upon a square inch 
without permanent alloration 3060 ths., and an ex- 
tension in length uf weight of modulus of elas- 
ticity for a base of an inch square 1,700,000 lbs. ; 
height of modulus of elasticitr 4,730,000 feet; mo- 
dulus of resilience 9*2; specific remlience 11. (Tkrd- 

Compared witb cast iron as nnity, its strength ti 
0-2S ; its cxtenuInBly 2*8 ; and its stifiheis 0*093. 



' My experiment! give fiSl for the eoheure strength per 
■qnare inch of white mRrble. Hie valoe 1811 was in this, as in 
other ctuea, cdcnUted by IVedgold from the same CTToneonB 
suppoaition that be obtained the great atreogth of cut iron, 
art. 143. — Eniroa. 
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Pendulum. Z/ength of pendulam to vibrate seconds in 
tlie latitude of London 39']372 inches (Kater) ; 
ditto to vibrate half seconds 1)7843 inches. 

Pine, American, yellow. Specific gravity 0'4G ; weight of 
a cubic foot 26 j Iba. ; weight of a bar 1 foot long and 
1 inch square 0'186tb. ; will bear on a square inch 
without pennanent alteration 3900 lbs., and an es- 
teniion in length of ^ ; weight of modulus of elas- 
ticity for a base of an inch square l,600,0001bs. ; 
height of modulus of elasticity 8,700,000 feet ; modulus 
of resilience 9"4 ; specific resiliciice 20. (Tkedoold.) 

Compared with cast iron as unity, its strength is 
0-25 ; its extensibility 2-9 ; and its stiffness 0'087. 

PobI'UVkv, 7-eil. Specific gravity 2-871 J WMght of a cubic 
tout l"9ttis.; is crusliKd by a force of 35^68 lbs. upon 
a square inch. (Gautiiey.) 

Rope, hempen. Weight of a common rope 1 foot long 
BDd 1 inch in circnmferBnce from 0i)4 to (K)461b.} 
and a rope of this uxe should not be exposed to a 
Btrnin greater than 2001bs.i but in compounded 
ropes, such as cables, the greatest strain should not 
exceed 1201bs.;' and the weight of a cable 1 foot in 
length and I inch in circumference does not exceed 
0027 Jb. 



* The square of the circamferencc in iaclies mnldplied by 300 
wiU gi*e &t nnmber of pounds n rope amy be loaded with, ind 
multiply by 130 inttead of 200 for cables. Common ropea iriU 
bear a greater load with safety after they have been some time in 
use, in consequence of the tenaion of the fibres becoming equa- 
lized by repeated Btretchings and partial untwisting, it baa been 
imagined that the improved strength was gained by their being 
laid up in store ; but if they can there be preserved from deterio- 
ration, it is u mnch as can be eapected. 
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RooFB. Weight of B iquare foot of Welsh ng slnting 
ll^DlB.; wd^t of a sqnare foot of plain tifing 
IGllbi.; greatest force of die wind upon a supers 
fidal foot of roofing may be estimated at 4016s. 

Slate, Welsh. Specific gravitj- 2-752 (Kirwan) ; weight 
of a cubic foot 1721)Ss.; weight of a bar 1 foot long 
and 1 inch sqnare I'lOlbs.; cohesive force of a 
Bqnan inch ll^OOIbfl.; extennon before firacture 
weight of moduloB of eUiladty for a base of an 
inch square IS.BOOjOOOlts.i height of moduliu of 
elasticity 13,240,000 feet ; modulus of resilience 8'4 ; 
specific resilience 2 (Tredgold.) 

Slate, WtUlmoreland. Cohesive force of a square inch 
7870 IbB.; extension in length before fracture fg^^i 
wdght of modulus of elastidty for a base of an inch 
square 12jaO0fiOOVi». (TRsnooLD.) 

SitKTX, Scotch. Cohenre fbrce of a aqoBie indi MOOTba.; 
eztenuon in length before fractnre ; wdght of 
modulus of elasticity for a base of an inch square 
15,790,000 lbs. (Tredgold.) 

Stkaw. Specific gravity at 212° is to that of air at the 
mean temperature as 0'472 is to I (Thomson); 
weight of a cubic foot 249 grains; modulus of elas- 
ticity for a base of an inch square 14 J tbs. ; when not 
in contact with water, expaiida ^ of its bulk by 1° of 
heat (Gay Lussac.) 

Steel. Specific gravity y'84; weight of a cubic foot 
4901^3.; a bar 1 foot long and 1 inch square weighs 
3-4 Tfis. i it expands in length by 1° of heat 
(Rov); tempered steel will bear without permanent 
alteration 45,000 lbs. ; cohesive force of a square inch 
I30,000tbs. (Rbknib); cohesive force diminished 
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hj elevating the temperature 1°; modulns of 
elaaticity for a base of an inch square 29,000,000 Itts. ; 
height of modalni of elastidty 8,530,000 feet (Dr. 
Young.) 

Stone, Poiikmd. Specific gravity 2-113; waght of a 
cubic foot ISSlbs.; weight of a priam 1 inch square 
and 1 foot long 0-92 Ifi.; Bhsorbs ^ of its weight of 
w^r (B. Tredgold); is crushed by a force of 
3729n>B. upon a square inch (Rbnnib); coheure 
force of ft square inch 85? lbs. ; extends before trac- 
tate 1^ of its length ; modulus of elasticity for a 
base of an inch square 1,533,000 lbs. ; height of mo- 
dulus of eUsfidty 1,672,000 feet;' modulus of resi- 
lience at the point of fractore 0-5 ; specific renlience 
at the point fracture 0-33 (TitEiHioi.i>.) 

Stone, Bath, Specifio gravity 1*975 ; wdght of a cuIhc 
foot 123*4 lbs.; absorbs ^ of its weight of water 
(R. TREnooi.D) ; cohesive force of a square inch 
478ffia. ^rbdgoldO 

Stone, CraigMth. Specific gravity 3-.^fi2; weight of a 
cubic foot 147*6 lbs.; absorbs^ of its weight of water; 
cohesive force of a square inch 772 tbs. fTREDOoiiD) ; 
is crushed by a force of 5490tbs. upon a square 
inch (Rbnnib.) 

Stohe, Dundee. Specific gravity 2*621 ; wdght of a cntric 
foot 163-8 lbs. ; absoibs ~ psrt of its woght of 
water; cohenve force of a square inch 2661 lbs. 

° In the Blonea, the modulus here given ia colculaleil from the 
BexorE nt the time of fracture ; when it is taken forthe first degrees 
of Sex ore, it is a little gretiter. The eupcrimenti wk dewribed in 
the Fhilonphiml Magaiine, vol. Ivi. p. 390. 
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(rBBDooLD] } u cruhed b; a force of 6630 lbs. 
upon A square inch (Rbnnib.] 

Stone-work. Wngfat of a cubic foot of mbble-woiA 
aboat UOflM.; ofbewn *bme ISOtt*. 

Tin, cii»(. Specific gnvit? 7*291 (Bbuwn); wugbtofa 
cubic foot 455-7Ibs. ; weight of a bar 1 foot long and 
I inch square 3-165 Iks. ; expands in length b; 1° of 
beat (Su EATON) ; melta at 442° (Cbicbton)) 
will bear upon a square inch without permanent alte- 
ration 2880 t&s., and an extenuon in length of jjggi 
minlulua of elasticity for a base of an inch square 
4,608,000 tbs. ; height of modnlns of etaadcitj 
l,4S3yOOO feet; modnlua of reiillence I'S; spedfic 
resilienoe O-iM? (TRxDnoLo.) 

Compared with cast iron as unity, its str e ngt h is 
0-182 ; its cxtenaibility 0-75 ; and its stifihesB 0-2S. 

Water, rit'tr. Specific gravity rooO; weight of a cubic 
foot 62'5 t1)S. ; weight of a cubic inch 252-525 gnuna; 
weight of a prism 1 foot long and 1 Inch square 
0-434 ttt. ; weight of an ale gallnn of water 10-2 lbs. j 
expands in hulk by 1* of heat (Dalton)!" 
expands in freeang ^ of its bulk (Williams) ; and 
the expanding fbrce of freesing water is about 
35,000 Ifes. upon a square inch, according to Mu- 
schenbroSk'a valnation ; modulus of elasticity for a 
base of an inch square 32fi,0001lis. ; height of mo- 

" Water bii a itate of maiinium deaeity at or near 40°, 
irUoh u coDwIered an ezceptiaD to the genera] law of ezpansioa 
by heat : it i> extremely impndiable thai there is any thing more 
than an apparent exception, most likely arising from water at low 
temparatares ahiorbing a eooiiderable qnantity of air, which has 
the effect of espandiog it; and eonaeqnently of eaoaing the ap- 
parent awnniljr. 
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dnlus of elBBtiintj 750,000 feet, or 22,100 atmo- 
sphereB of 30 inches of mercury (Dr. Yoitno, from 
Canton's EzperimeDts). 
Water, sea. Specific gravity l'027li weight of a cnbio 

foot 64-2*5. 

Water is 82S times the density of air of the temperature 

GO", and barometer 30. 

WlI,v^K-HO^K. Spcjcific ijravltv I'S; weight of a cubic 
fuot 81 IBs. : wdl bear a strain of 56001lia. upon a 
square inch without permanent alteration, aiiil Bii 
extension in length of modulus of elasticity for 
a base of an inch square S20,000 tbs. ; height of 
modulus of elasticity 1,458,000 feet; modulus of re- 
silience 383 ; specific resilience 29. (Tredgold.) 

Wind. Greatest observed velocity 159 feet per second 
(Rochon) ; force of wind with that velocity aboot 
571 1^ on a squan foot." 



" TnbU of the force of wioda, formed from the Tablei of Mr, 
Room and Dr. Und, and cxnapared with the observation! of 
Colonel Beanfoy. 
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Zinc, ea»l. Speinfic gnvitjr 7-028 (Watson); veight of 
a. cnbic foot 439)- As.; traghtof a bar 1 inch sqnare 
and 1 foot long S-OS lb.; expands in length by 1° of 
heat (Shbaton) ; melta at 648° (Daniell) ; 
wilt bear on a acpiBie inob iridiont permanent altera- 
tion 5700 lbs. =0-365 cast iron, and an extenrion 
in length of — J that of cast iron fTsHD- 
oold) ; modulus of elasticity for ft base of an 
inch square 13,G8O,0OOtbs.; heiglit of modidua of 
elaitiraty 4,4B0>X]0 feet; modulus of renUence 2-4; 
qtedfic rerilienoe 0-34. fTBSDeoLD.) 

Compared irith caat iron aa unity, its atrengtb is 
0-365 ; its extenribility 0-5 ; and its sdffiieas 0-76. 



the force of winds would be TSTf dennbh both to the medimieian 
■ml meteonilogiBt. 

'* The fcaotora of liae t* very beaotiiiil; it is ladiated, ud 
prcKTret iti lutre a long tinte. 
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NOTE ON THE ACTION OF CERTAIN SUBSTANCES OS 

CAST IKON". 

i tric'ci into a mtl '^uLi.iniicc; tosemblmg plumbago, A fisi* in- 
'lanccs of tliis kind I mUI here, as Ihev wiU be mUKMlng tO 
persons who employ iroti for various purposes. 

Dr. Heniy obwrved that when cast iron vat left m eontnet 
iTiih mDriate of lime, or murititc of inagiietia. most of the iron 
wai remored. the specific giBTity of the mas* wat redooed to 
2-15S, and nhat remained consisled ehiefly of plambago, and the 

A similar cliun^e iva-S prmlgced in fiimc cast iron cylinders 
used to apply the weaver's dressing lo clotli ; tbi» dressiiig U a 
lund of pute, made of wheat or bariey-meal. The corrodoD of 
the eylinden took place repeatedly, and ma ao rajdd that it «a» 
found necessary to use wooden onea. Dr. Thomson ascribes the 
change lo the acid formed by the paste turning sonr.^ 

■Aiiiitlier iT«tiiTH-e uf greater importance has been recorded by 
Mr. lirnnde. A portion of a cast iron gun had undergone u 
like change from being long immersed in sea-water. To the 
depth of an inch it was converted into a anbitance luring all 
the external ofaaraetels of phimbago; it was eatSy oot, greaErto 
the feel, and made a black stresli npon paper.* The component 
parte of this substance were in the ratio of 



I Oi. TliDintoii'i Aniitti of Philii«pliy,n)Lv. II.6S. 
= Idem, vol, I. p. 303. 

' Qusileilf Jiinmal of Science, tid. lii. p. 407. 
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Oxide of ittm 81 

Flamingo 16 

97 

Mr. Brande could not detect aoy silica in it; and renwAa. 
that anchors and other Brticlcg of nrooght iron, when nnulBTlf 
eipoBed, are only euperliciullv' oxidized, and exhibit do Other 
peculiar appeurnnce. 

Near Che town of Nenhnvcn, in ^Vmcricn, a cannon ball waa 
diicovered, which it was nscerttiineil had lain undisturbed aboat 
fortf-tHo years in ground kept conftuiitly niuiat by sea-water ; 
the diameter of the hall was 3-87 inclies, and with a comiaon 
saw a lecliOD wai easily maiie through a t-ost of jilumb agin dub 
matter, which at the place of incision was lialf Hn inch tliick ; hut 
its thickne's varied in different places. The plumbago cut wilh 

rospcet the jiropcrticB of common black lead. 

A cannon hall had undergone a similar change, whicll was 
taken from the wreck of a vessel that apjiearcd to have been 
many yeara under water : the ball was covered by oysters firmly 
adhering to it, and its external part was converted into plumbago. 
But an old cannon found covered with oyalers did not, on the 
removal of its coating-, show any signs of such converaion.* 

Hie reader who wishes to pursue this interesting inbject may 
console an article " On the Mechanical Structure of Iron dO' 
Ttloped by Solntion," &c., by Mr. Daniell,* who has made 
several expeiimenta with a view to detennine the oatnre of the 
substance resembling plumbago, which is found on the anrface of 
iron after it haa been exposed to the action of an acid. 



• PhllUpi'i Aonali of Pbluioplij , >ol iv. j,. 1X22. 

' QsDtslT Jourail n( Science, vol. li. ip- ^r^- ^'"t'l addllinnal infor- 

Mr. UdM " upon the Action of Sea mil llitcr Waler. »li<7Ll,er clear or 

AuodiiiMi toll. ftL and lUl. — Editor. 



NOTE. 



Mr, Daniell found that the stnictare of iron, as developed by 
solution, was very different in different kinds ; and that it re- 
quired three times aa long to saturate a given portion of acid 
vihea It acted on «lut« cait iron, u when it acted on the gray 
Idnd. 




Digilizsd by Google 




Olgtoad bf Google 




□ISlIizedOyCuoglf 



Digilized by Google 



EXPLANATION OF THE PLATES. 



PLATE I. 

Fio. 1. A bar inpported at the enda, uid loaded in the middle of 

the kagOi. Soe ut. 8. 
Fio. 3. A beam with the load niuAmnlf diitribnted OTer the 

length, *g the expenment, ait. 61, ma tned. 8eo art. 30 

■nd 61. 

FiQ. 3. Hie Ibrm for a beam of nnifonn strength to resist the 
action of a load at C. ACD and BCD are semi-pnnibolaB, 
A and B being the verticea. The dotted lines show the ad- 
ditions to this fonn to render it of practical me. See ait. 27, 
193. end 333-S29. 

Fio. 4, A farm for B, beam which is ae nearly of nnifonn tc- 
natance as practical oonditioDB will admit of i it ii boimded hj 
straight lines, and the depth* at the end* are eadi half the 
depth in the middle. See art. 17, (Ex. 7,} 28, 66. 137. uid 
330-334, 

Fia. S. A variation of tlieUat Smn Ibr Qie o«M idieie the force 
■ometimei asts i^wtrde and Mnwtimei dmnraid*. See ut. 

3S, 197, and 330-334. 
Pta. 6. A figure oF onifonn strength for B beam . when Ihe depth 

is uniform. See art, 30. 123, mid 2-l2-24ti. 
Fis. 7. A modification of fig. 6, "hich llii: nioat ccunamical 

form of equal strength for resistance to ptesiure. B' is the 

form of the end. See ait. 30. 
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Fio. 8. Hie farm of eqnal reaiituice for a la&d roUiag along ihe 
ni^r side, a> in a nutwa^ ; or for a. load uniformly diatributed 
over Ae length. ACB is half an ellipse. The dotted linn 
ahov the addition required in practice. See Bit. 33, 125, 240, 
■lidS41. 

Fto. 9. The itrongMt fonn of lectfonfor abeam to redat a ctom 
Btram. AH ia the line calied the neutral ax». See art. 40, 
64, lie, 165-197. and 331. 

Fio, 10 ihows BD application of the aection, fig. 9, to form a 
lire-proof floor, the projection serring the double purpoee of 
giving additional atrength, aad forming a support for the 
■rcbes. See ait. 40 aad 134. 



Pra. 11. This ii the figure of a very economical benm for lup- 
pOTting a load diflused over ita length : it is adapted for 
girden. beam* to nipport waits, and the like. An easy rule 
for proportioning girders is given in art. 50. When (his 
form is used for a girder, ttic n])Ciiiii^ answer fur inserting 
cross joists. AB anil CD aimvv Ihe sections aI lliese places. 
See art, 21. (Ei, 12,) 41, 4a, 117. lyS-^10, and 3-23. 

Fio, 13. This figure shows a besni on the same principle as the 
preceding figure, except that the load is anpposed to act only 
at one point A. See art. 43, 44, 117, and 198-SIO. 

Fio. 13. The section of a abaft, commonly called a feathered 
shaft. See art. 46. 

Fia. 14. A figure to ilhtttrate the aolioB of finces npm a beam, 
and to explain the mode of calcnlatioD. See art. 100, 108. 
131. and 154. 

Fio, 15, A secticm of the beam in lig. 14, at ISD, Tliia aection 
ia supposed to ht dividul [nUi thin himiim. Sec Eirt. 106. 

Fio. Ifi. A ligure lo illustrate the mcthuil of calculaling the 
deflexion of beams. In these figures (Gga. 14 and 16) 1 have 
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[Cgardud diitinctiiemi ut the pactE rcfenred tu, more than the 
trae relation of Ibc pnrtB to one another. See art. 120. 



PLjVTE III. 

Fio. U is lo iUiiatrftle Ihc eircuoiataiicca which Ukc place in 

the deflexion of beams fixed at one end. See art. 13S and IM. 
Kid. IB. To explain the mode of CBlcuUling the strength of 

cmnkB. Sec art. I ■'<.'> ■ 
Fio. IS. A figure lo eiplnin the manner of citimBting' the 

strength and deflexion of a beam supported at the cnde. See 

art. 136, H3, U9, and Lgi 
Fid. 20, A (ipire to ahow how to calculate the alrsin upon a 

hcam vhcn a load ia diatribuCcd in any regular rnanner over it. 

The load being uniform, ad ia the line which represents its 

the end A, cd is the line bounding it ; nod when the load in- 
crcascB as the square of the distance from A, id is the line 
bounding it. The second cose is the same os the prcsBure of a 
fluid against a Terlical ahwt filed at the ends. See art. 138- 
141, and im 

Fta. 21. ACB is the form of equal strength for an unifonn 
load : il ia in this figure applied to the cantilever of a balcony, 
and whatever omamentnl form ma}' be given to the under 
side, it should not be cut nithin the line BC. See art. 34. 
130. and 

K[o. 22. When the section is of the form C ly. and the breadth 
uniform, the figure of equal strength for a load in the middle is 
formed by two Bcmi-|iarabolas, (tiB in fig. 5J ahown by the 
dotted lines : and it may be formed for practical epjilication, ns 
ahown in the figure. See art. 187, 323-227. 

Fio. 2il is a figure to illDstntto the nature of variable forces. 
Sec art. 235, 

Fio. 2A. If the scdion of a bcitm bo C'ly, and the breadth 
uniform, the form of cqDal strength for an uniform load, as in 
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^idera for floon, ii a wmi-etlipse. shown by tlie dotted lines ; 
and ilw when the load rolls or elides over it ; end it may be 
fonnedforprwaeal plication, as Ihe figure; an easy rule 
far girden this kind is given in page 43. See ait. 31, 
(Bs. 18,) 188, 198, iMO, 241, and 322. 



Fio. 25 represents a beam fiied at one end ; o' I' ia its section ; 
the load acting at tlie end C, the figure of eqnal resiatence u a 
temi-parabola. Sac art. 196 and 323-329. 

Fio. 26. Fonn auitaUe for the beam vt « itcun engine to the 
form of Kctkin a* f. See art. 40, 196, 222, and 323-229. 

Fio. 37. A sketch for a beam to bear a considerable load dis- 
tributed uniformly over its length, when the apsn is so much 
OS to render it necessary to cast it in two pieces. The con- 
neiion may be made by a plate of nrought iron on each aide 
«t C, Kith indeDt* to fit the conretponding part* of the beau. 
Wrought iron ahonld be prefarred ibr the eonneGting platBi, 
becBoM, being more dootile, it it more mft. See the nest 
figure and art. 196-310. 

Fra. 38 ahowB the under ude of the beam in the preceding 
fignre. Hie pUtea are held together hj bdtii bat it m in- 
tended that the atrengQi ihonld depend on the inddtnti, the 
bolts being onlf to hdd them together. No eonoezian ta 
wanted at the upper aide of the beun, except a boH cif, orKke 
contrivance, to steady it. Bee >rt. 199. 

Fie. 39. A figure to explain the natare of the resistance to 
tristing or torsion. See art. 2B3. 

Fio. 30. A figure to illustrate the action of the atrainiag force 
on ccdumns, posts, and the h'ke. See art, 276. 

Flo. 31. To ejqilun the efeet ol aettlement or other derange- 
ment of the atnimng force. See art. 10 and 381. 



Pia. 82. Another ea«e of aettlement or derangement of tlie 
straining force on a cotomn oonsidered. See art. 383. 



PLATE IV. 
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Fio. 33. To show why columna ahonld not be enlarged at the 

top or bottom. Sec art. 283. 
Fio. 34. A sketch for an open beam recommended for an engine 

beun. See tit. 350. Id unall beam* the middle part aaj be 

left whollj open, eceept at the centre. Ctpt. Kiter hu nied 

thk form for the beam of • delicate balaoce. 
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